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ANTITHROMBOTIC DIAMINES 

5 This invention relates to thrombin inhibitors which 

are useful anticoagulants in mammals. In particular it 
relates to diamine derivatives having high anticoagulant 
activity, and antithrombotic activity. Thus, this invention 
relates to new inhibitors of thrombin, pharmaceutical 

10 compositions containing the conpoimds as active ingredients, 
and the use of the coinpoimds as anticoagulants for 
prophylaxis and treatment of thromboembolic disorders such as 
venous thrombosis, pulmonary embolism, arterial thrombosis, 
in particular myocardial ischemia, myocardial infarction and 

15 cerebral thrombosis, general hypercoagulable states and local 
hypercoagulable states, such as following angioplasty and 
coronary bypass operations, and generalized tissue injury as 
it relates to the inflammatory process. In addition, the 
diamine derivatives are useful as anticoagulants in in vitro 

20 applications. 

The process of blood coagulation, thrombosis, is 
triggered by a complex proteolytic cascade leading to the 
formation of thrombin. Thrombin proteolytically roaoves 
activation peptides from the Aa-chains and the B^-chains of 

25 fibrinogen, which is soluble in blood plasma, initiating 
insol\ible fibrin formation. 

Anticoagulation currently is achieved by the 
administration of heparins and coumarins. Parenteral 
pharmacological control of coagulation and thrombosis is 
30 based on inhibition of thrombin through the use of heparins. 
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Heparins act indirectly on thrombin by accelerating the 
inhibitory effect of endogenous antithroinbin III {the main 
physiological inhibitor of thrombin) . Because antithrombin 
III levels vary in plasma and because clot-bound thrombin 
5 seems resistemt to this indirect mechanism, heparins can be 
an ineffective treatment. Because coagulation assays are 
believed to be associated with efficacy and with safety, 
heparin levels must be monitored with coagulation assays 
(particularly the activated partial thromboplastin time 

10 (APTT) assay) . Coumarins impede the generation of thrombin 
by blocking the posttranslational gamma-carboxylation in the 
synthesis of prothrombin and other proteins of this type. 
Because of their mechanism of action, the effect of coumarins 
can only develop slowly, 6-24 hours after administration. 

15 Further, they are not selective anticoagulants. Coumarins 

also require monitoring with coagulation assays (particularly 
the prothrombin time (PT) assay) . 

Recently, interest has grown in small synthetic 
molecules which demonstrate potent direct inhibition of 

20 thrombin. See, for example Robert M, Scarborough, Annual 
Reports in Medicinal Chemistry. (1995), 71-80. 

Although the heparins and coumarins are effective 
anticoagulants, no commercial drug has yet emerged from the 
small synthetic molecules; and despite the continuing promise 

25 for this class of compounds, there still exists a need for 
anticoagulants which act selectively on thrombin, and which, 
independent of antithrombin III, exert inhibitory action 
shortly after administration, preferably by an oral route, 
and do not interfere with lysis of blood clots, as required 

30 to maintain hemostasis. 

The present invention is directed to the discovery 
that the compounds of the present invention, as defined 
below, are potent thrombin inhibitors that may have high 
bioavailability following oral administration. 

35 According to the invention there is provided a 

method of inhibiting thrombin conprising using an effective 
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amoiint of a thrombin inhibiting confound of formula I (or a 
pharmaceutical ly acceptable salt^^ereofe)* 




XW-X^- (CH2) (CHR^-CHR^ 




V -x^- (CH2 ) j- (chr2 ) (CH2) m-NR^R'' (iz^^ 
5 wherein 

A is O, S, -CH=CH- or -CH2-CH2-; 

is an aromatic_^j:Hi-heteroaromatic divalent 
radical selected from para-phenylene, a 6-membered ring 
heteroaromatic divalent radical containing 1 or 2 ring 
10 nitrogens in which the valences are in the 1,4- or 2,5- or 
3,6- relationship, and a 5-membered ring heteroaromatic 
divalent radical containing one oxygen or sulfur ring atom 
and 0, 1 or 2 ring nitrogens in which the valences are in the 

2.5- (or 3,5-) relationship and which divalent radical may 
15 bear a (l-3C)alkyl, {l-2C)alkoxy, hydroxy or halo 

substituent ; 

is an ar^^tic pr^heteroaromatic divalent 

radical selected from para-phenylene , a 6-membered ring 
heteroaromatic divalent radical containing 1 or 2 ring 
20 nitrogens in which the valences are in the 1,4- or 2,5- or 

3.6- relationship, and a 5-membered ring heteroaromatic 
divalent radical containing one oxygen or sulfur ring atom 
and 0, 1 or 2 ring nitrogens in which the valences are in the 
2,5- (or 3,5-) relationship and which divalent radical may 

25 bear one or two substituents independently selected from 
(l-4C)alkyl, halo, trif luoromethyl, (l-2C)alkoxy, hydroxy, 
cyano, aminomethyl, nitro, -NHCH2R^/ -NHC(0)R^ or -NHS(0)2R9 
in which is hydrogen or .(l-2C)alkyl and R9 is (l-2C)alkyl 
or phenyl; 

30 R^ denotes 0, 1 or 2 substituents on the benz-ring 

independently selected from halo, methyl, ethyl, hydroxy, 
methoxy, carbamoyl, amiiiomethyl and hydroxymethyl ; 

X^ is O, s; methylene, carbonyl or ethene-1, 1-diyl; 
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(a) is imino, a direct bond, methylene, 0 or S; 
j is 0; k is 0; in is 1, 2, 3 or 4; provided that when m is 1, 
then x2 is a direct bond; and and are independently 
hydrogen or (l-3C)alkyl or the group NR^R^ is 

5 2" {hydroxymethyl ) -1-pyrrolidinyl, 2- (methoxymethyl) - 
1 -pyrrol idinyl, pyrrolidino, piperidino, 2-methyl- 

1 - piper idinyl, morpholino or hexamethyleneimino; or 

(b) x2 is imino, O or S; j is 1; k is 1; m is 1; K? 
is hydroxy; and R^ and R^ are independently hydrogen or 

10 {l-3C)alkyl or the group NR^R^ is pyrrolidino, piper idino, 
morpholino or hexamethyleneimino; or 

(c) x2 is imino, O or S; j is 1; k is 1; m is 0; R^ 
is hydroxymethyl or methoxycarbonyl ; and R^ cind R^ are 
independently hydrogen or (l-3C)alkyl; or 

15 (d) x2 is imino, O or S; j is 0, 1, 2 or 3; k is 1; 

m is 0 or 1; provided that j and m are not both 0; r2 and R^ 
together form a diradical -(CH2)n~ in which n is 2, 3 or 4 and 
the sum of m and n is 3 or 4; and R^ is hydrogen or 
(l-3C)alkyl; or 

20 (e) X2 is -NH-C(O)-; j is 0; k is 0; m is 1; and R^ 

and R^ are independently hydrogen or (l-3C)alkyl or the group 
NR^R^ is pyrrolidino, piperidino, morpholino or 
hexamethyleneimino ; and 

(1) X^ is a direct bond, methylene, imino, O or S; 
25 q is 0, 1 or 2; and r is 0 or 1; provided that q and r are 

not both zero, and provided that when q is 1 and r is 0, then 
x3 is a direct bond; each R^ is hydrogen or the two r3 groups 
together form a divalent radical -{CH2)s" in which s is 3 or 
4; and R^ and R^ are independently hydrogen or (l-4C)alkyl or 
30 the group NRCr<^ is 2- (hydroxymethyl) -1-pyrrolidinyl, 

2- (methoxymethyl ) -1-pyrrolidinyl , pyrrolidino, piperidino, 
morpholino, hexamethyleneimino, l-imidazolyl or 4,5-dihydro- 
l-imidazolyl; or 

(2) x3 is imino, O or S; q is 0; r is 1; one R^ 

35 group is (l-5C)alkyl and the other r3 group is independently 
hydrogen or (l-5C)alkyl; and R^ and R^ are independently 
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hydrogen or (l-3C)alkyl or the group NR^R^^ is pyrrolidino, 
piper idino, morpholino or hexamethyleneimino; or 

(3) x3 is imino, O or S; q is 0, 1 or 2; r is 1; 
one R-' group is hydrogen and the other R^ group together with 

5 the group R^ forms a divalent radical -(CH2)t- in which t is 
2, 3 or 4 such that the resulting ring is a pyrrolidine or 
piper idine; and R^ is hydrogen or {l-3C)alkyl; or 

(4) x3 is -N(R**)-; q is 0; r is 1; the R^ group on 
the carbon bonded to and the group R^ together form a 

10 diradical -{CH2)3-; the other R^ group is hydrogen; and R^ and 
R^ are independently (l-3C)alkyl or the group NR^R^ is 
pyrrolidino, piperidino, morpholino or hexamethyleneimino; or 

(5) x3 is ethene-l,2-diyl or ethyne-1, 2-^diyl; 

q is 1; r is 0; and R^ and R^ are independently {l-3C)all^l 

15 or the group NR^R*' is pyrrolidino, piperidino, morpholino or 
hexamethyleneimino . 

One pcLTticular method of inhibiting thrombin 
comprises using an effective amount of a thrombin inhibiting 
compoiind of formula I, or a pharmaceutical ly acceptable salt 

20 thereof, wherein 

A is S, -CH=CH- or -CH2-CH2-; 
a2 is an aromatic or heteroaromatic divalent 
radical selected from para-phenylene, a 6-membered ring 
heteroaromatic divalent radical containing 1 or 2 ring . 

25 nitrogens and a 5-membered ring heteroaromatic divalent 

radical containing one oxygen or sulfur ring atom and 0, 1 or 
2 ring nitrogens in which heteroaromatic divalent radical the 
valences are in the 1,4- or 2,5- or 3,6- relationship and 
which divalent radical may bear a methyl, hydroxy or methoxy 

30 substituent (and more particularly, which divalent radical 
does not bear a substituent) ; 

is an aromatic or heteroaromatic divalent 
radical selected from para-phenylene, a 6 -member ed ring 
heteroaromatic divalent radical containing 1 or 2 ring 

35 nitrogens and a 5-membered ring heteroaromatic divalent 

radical containing one oxygen or sulfur ring atom and 0, 1 or 
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2 ring nitrogens in which heteroaroinatic divalent radical the 
valences are in the 1,4- or 2,5-- or 3,6- relationship and 
which divalent radical may bear a (l-3C)al3q/l, (l-2C)alkoxy 
or halo substituent (and more particularly, which divalent 
5 radical may bear a (i-3C)alkyl or halo s\ibstituent) ; 

r1 denotes 0, 1 or 2 substituents on the benz-ring 
independently selected from halo, methyl, ethyl, hydroxy, 
methoxy, carbamoyl, aminomethyl and hydroxymethyl ; 

xl is O, S, methylene, carbonyl or ethene-1, 1-diyl; 
10 is a direct bond, methylene, O or S; j cind k are 

both 0; m is 1, 2, 3 or 4; provided that when m is 1, then 
is a direct bond; and and are independently hydrogen or 
(l-3C)alkyl or the group NR^R** is pyrrolidine, piperidino, 
morpholino or hexamethyleneimino; 
15 x3 is a direct bond, methylene, imino, O or S; q is 

0, 1 or 2; and r is 0 or 1; provided that q and r are not 
both zero, and provided that when q is 1 and r is 0, then 
is a direct bond; each r3 is hydrogen or the two R^ groups 
together form a divalent radical -(CH2)s- in which s is 3 or 
20 4; and R*^ and R^ are independently (l-3C)alkyl or the group 
NR^R^ is pyrrolidine, piperidino, morpholino, 
hexamethyleneimino or 1-imidazolyl. 

A compound of formula I in which j and k are both 0 
may be denoted as a conpound of formula I' . 

^X^-A^-X^- {CH2) q- (CHR^-CHR3 ) r-NR^R"^ 




25 ^ A^-X^-(CH2)m-NR^R^ 

A particular aspect of the above method is one 
wherein said compound is a compound of formula I in which 

A is S, '-CH=CH- or -CH2-CH2-; 

a2 is para-phenylene which may bear a siibstituent 
30 R3 ortho to the group X^ and R3 is methyl, hydroxy or methoxy 
or a2 is pyridine-2 , 5-diyl in which the 2-position is joined 
to x2 (and more particularly, which divalent radical does not 
bear a stibstituent) ; 
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A-^ is para-phenylene which may bear a substituent 
Re ortho to the group and is {l-3)alkyl, (l-2C)alkoxy 
or halo or A^ is pyridine-2, 5-diyl in which the 2-pdsition is 
joined to (and more particularly, ^e is (i-3)alkyl or 
5 halo) ; 

r1 denotes 0, 1 or 2 su±>stituents on the benz-ring 
independently selected from halo, methyl, ethyl, hydroxy, 
methoxy, carbamoyl, aminomethyl and hydroxymethyl ; 

X^ is O, S, methylene, carbonyl or ethene-1, 1-diyl; 
10 x2 is a direct bond, methylene, O or S; j and k are 

both 0; m is 1, 2, 3 or 4; provided that when m is 1, then X^ 
is a direct bond; and R^ and r'^ cire independently hydrogen or 
(l-3C)alkyl or the group NR^R^ is pyrrolidine, piperidino or 
morpholino; 

15 X^ is a direct bond, methylene, imino, O or S; q is 

0, 1 or 2; and r is 0 or 1; provided that q and r are not 
both zero, and provided that when q is 1 and r is 0, then X^ 
is a direct bond; each R^ is hydrogen or the two groups 
together form a divalent radical -(CH2)s- iri which s is 3 or 

20 4; and R^ and R^ are independently (l'*3C)alkyl or the group 
jjRC^d is pyrrolidine, piperidino, morpholino, 
hexamethyleneimino or 1-imidazolyl. 

A more particular aspect of any of the above 
methods is one wherein said compound is a compound of 

25 formula la 

<^ ^ X^^ -CHR ^ -CHR ^ -NR^R^ 



la 



^X2*-(CH2)2-NR*R^ 

wherein 

A is S, -CH=CH- or -CH2-CH2-; 

D is CH, CR3 or N in which R3 is methyl, hydroxy or 
30 methoxy (and more particularly D is CH or N) ; 
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E is CH,, CR^ or N in which is (l-3C)alkyl, 
(l-2C)alkoxy or halo (and more particularly E is CH, CR^ or N 
in whiqh is (l-3C)alkyl or halo) ; 

r5 is hydrogen, halo, methyl, hydroxy or methoxy; 
5 r6 is hydrogen,,.^feydr©xy or methoxy; 

is O, S, (methylei^ <6$bo^^ or ethene-1, 1-diyl ; 
X^a is methylene or O; and R^ and R^^ are 
independently hydrogen or (l-3C)alkyl or the group NR^R^ is 
pyrrolidino or piper idino; 
10 is methylene, imino, O or S; and each R^ is 

hydrogen or the two R^ groups together form a divalent 
radical -{CH2)s- in which s is 3 or 4; and R^ and R^ are 
independently (l-3C)alkyl or the group NR^r^ is pyrrolidino, 
piperidino, morpholino, hexamethyleneimino or l-imidazolyl . 
15 A particular method in which said compound is one 

of formula la is wherein A is S; D is CH; E is CR^ in which 
R® is methoxy; R^ is hydrogen; R^ is hydroxy; X^ is 
methylene; x2a is O; and the group NR^R^ is pyrrolidino; X^^^ 
is 0; and the two R^ groups together form a divalent radical 
20 -(CH2)s- in which s is 4 and which forms a trans-l,2~ 

cyclohexanediyl group; and R^ and are each methyl or the 
group NR^^R^ is pyrrolidino. 

It will be clear that a compound of formula la also 
may be expressed as a conpound of formula I or as a compound 
25 of formula I ' . 

An additional particular aspect of the above method 
is one wherein said compound of formula I is one which may be 
denoted as a conpound of formula lb 

^ CH2 -NR^ R"^ 



lb 



30 wherein 




X2^=>-(CH2)2-NR*R^ 
A is S, -CH=CH- or -CH2-CH2-; 
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G is CH, CR^ or N in which is methyl, hydroxy or 

methoxy; 

M is CH, CR"* or N in which is (l-3C)alkyl, 
(l-2C)alkoxy or halo; 
5 R^ is hydrogen, halo, methyl, hydroxy or methoxy; 

R^ is hydrogen, hydroxy or methoxy; 

is 0, S, methylene, carbonyl or ethene-1, 1-diyl; 

X2b 

is a direct bond or O; and R^ and are 
independently hydrogen or {l~3C)alkyl or the group NR^R^ is 
10 pyrrolidino or piperidino; and 

Bp and R^ are independently {l-3C)alkyl or the 
group NRCR^ is 2-(hydroxymethyl) -1-pyrrolidinyl, 
2 - (methoxyme thyl ) - 1-pyrrolidinyl , pyrrolidino , piperidino or 
morpholino. 

15 A more particular method in which said compound is 

one of formula lb is wherein A is S; G is CH or N; M is CH, 
CR^ or N in which R^ is methyl, methoxy, chloro or bromo; R^ 
is hydrogen; R^ is hydroxy; is methylene; X^t) is a direct 
bond or O; the group NR^R^ is pyrrolidino; and and R^ are 

20 each methyl or the group NR^^R^ is 2- (hydroxymethyl) - 

1-pyrrolidinyl , 2 - (methoxymethyl ) - 1-pyrrolidinyl , pyrrol idino 
or morpholino. 

A further particular aspect of any of the above 
methods is one wherein said compound is one in which X^ is 

25 methylene. 

A further particular aspect of any of the above 
methods (in which the radical -(CH2)s~ is present) is one 
wherein said compound is one in which s is 4 . 

Another particulcir aspect of any of the above 
30 methods is one wherein said compound is one in which A is S. 

A further particular aspect of any of the above 
methods is one ii^erein said compound is a conpound of formula 
I in which r1 denotes a hydroxy substituent at the position 
corresponding to the 6-position of a benzo[jt>] thiophene or a 
35 compound of formula la or of formula lb in which r5 is 
hydrogen and R^ is hydroxy. 
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A selected aspect of the above methods is one in 
which said compound is a compoiind of formula la in which A is 
S, D is CH or N, E is CH or is hydrogen, r6 is hydroxy, 

the group -x2a-{cH2)2-'NR^R^ is 2-(l-pyrrolidinyl)ethoxy, and 
5 the group -X^a^cHR^-CHR^-NR^^R^ is 3- {l-pyrrolidinyl)propyl 

2- (1-pyrrolidinyl ) ethoxy, trans-2- (1-pyrrolidinyl) cyclohexyloxy 
or trans':2 ~ ( 1 -piper idyl ) cyclohexyloxy . 

A preferred method of the invention includes one 
wherein said compound of formula I is one of those described 

10 herein at Examples 123, 124 and 164. 

The present invention also provides a method of 
inhibiting coagulation in a mammal conprising administering 
to a mammal in need of treatment, a coagulation inhibiting 
dose of a thrombin inhibiting compound of formula I having 

15 any of the above definitions. 

The present invention further provides a method of 
inhibiting thrombin comprising administering to a mamotnal in 
need of treatment, a thrombin inhibiting dose of a thrombin 
inhibiting compound of formula I having any of the above 

20 definitions . 

Further, the present invention provides a method of 
treating a thromboembolic disorder comprising administering 
to a mammal in need of treatment, an effective dose of a 
thrombin inhibiting compound of formula I having any of the 

25 above definitions. 

In addition, there is provided the use of a 
thrombin inhibiting compound of formula I having any of the 
above definitions for the manufacture of a medicament for 
treatment of a thromboembolic disorders . 

30 As a further aspect of the invention, there is 

provided a prodrug (or a pharmaceutical ly acceptable salt 
thereof) of any of the above described thrombin inhibiting 
compounds of formula I which will form a prodrug. A confound 
of formula I (or formula la or formula lb) which will form a 

35 prodrug includes one in which R^ (or r5 or R^) or a 

substituent on A^ or A^ is hydroxy, carbamoyl, aminomethyl or 
hydroxymethyl, or one in which one or both of R^ and Bp is 
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hydrogen or the group NR^R^ includes a hydroxymethyl group, 
or one in which r2 is hydroxy, or one in which one or both of 
rc and R^ is hydrogen or the group NR^^ includes a 
hydro3QTOethyl group. Particular coinpounds of formula I (or 
5 formula la) which will form a prodrug include those in which 
r1 (or r5 or R^) is hydroxy, carbamoyl, aminomethyl or 
hydroxymethyl or in which one or both of R^ and Rt> is 
hydrogen. (It will be recognized that a thrombin inhibiting 
compound of formula I also may serve as a prodrug for a 
10 different thrombin inhibiting compound of formula I). 

As an additional feature of the invention there is 
provided a pharmaceutical formulation comprising in 
association with a pharmaceutically acceptable carrier, 
diluent or excipient, a prodrug of a thrombin inhibiting 
15 compound of formula I (or of a pharmaceutically acceptable 
salt thereof) as provided in any of the above descriptions. 

Certain diamine compounds corresponding to 
formula I are included in the generic disclosure of United 
States Patent 4,133,814; issued to Jones et al., as 
20 antifertility agents. Weak antif ertility activity is 
described therein for the compound 2- [4- (2-pyrrolidino- 
ethoxy)phenyl] -3- [4- ( 2 -pyrrolidinoethoxy) benzoyl] - 
benzo [Jb] thiophene (isolated as its dicitrate salt). The 
remaining thrombin inhibiting compoiinds of formula I are 
25 believed to be novel and, thus, to constitute an additional 
aspect of the invention. Hius, according to the invention 
there is provided a novel conpound of formula I (or a 
pharmaceutically acceptable salt thereof) 

^X^-'A^^X^- (CH2) q- (CHR^-CHR3 ) r-NR*=R^ 



Rl-r 



30 wherein 




A 



a2-x2- (CH2 ) j- (CHR2 ) {CH2 ) in-NR«R^ 



A is 0, S, -CH=CH- or -CH2-CH2-; 
a2 is an aromatic or heteroaromatic divalent 
radical selected from para-phenylene, a 6-membered ring 
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heteroaromatic divalent radical containing 1 or 2 ring 
nitrogens in which the valences are in the 1,4- or 2,5- or 
3,6- relationship, and a S-membered ring heteroaromatic 
divalent radical containing one oxygen or sulfur ring atom 
5 and 0, 1 or 2 ring nitrogens in which the valences are in the 

2.5- (or 3,5-) relationship and which divalent radical may 
bear a (l-3C)alkyl, (l-2C)alkoxy, hydroxy or halo 
substituent ; 

is an aromatic or heteroaromatic divalent 
10 radical selected from para-phenylene , a 6-mCTJDered ring 
heteroaromatic divalent radical containing 1 or 2 ring 
nitrogens in which the valences are in the 1,4- or 2,5- or 

3.6- relationship, cuid a 5-membered ring heteroaromatic 
divalent radical containing one oxygen or sulfur ring atom 

15 and 0, 1 or 2 ring nitrogens in which the valences are in the 
2,5- (or 3,5-) relationship and which divalent radical may 
bear one or two siabstituents independently selected from 
(l-'4C)alkyl, halo, trif luoromethyl, (l-2C)alkoxy, hydroxy, 
cyano, aminoraethyl, nitro, -NHCHsR^, -NHC(0)Rf or -NHS(0)2R^ 

20 in which is hydrogen or (l-2C)alkyl and Rsr is (l-2C)alkyl 
or phenyl; 

r1 denotes 0, 1 or 2 substituents on the benz-ring 
independently selected from halo, methyl, ethyl, hydroxy, 
methoxy, carbamoyl, aminomethyl and hydroxymethyl ; 
25 is O, S, methylene, carbonyl or ethene-1, 1-diyl; 

(a) x2 is imino, a direct bond, methylene, O or S,- 
j is 0; k is 0; m is 1, 2, 3 or 4; provided that when m is 1, 
then x2 is a direct bond; and R^ and Rt> are independently 
hydrogen or (l-3C)alkyl or the group NR^R^ is 

30 2- (hydroxymethyl) -1-pyrrolidinyl, 2- (methoxymethyl) - 
1-pyrrolidinyl, pyrrolidino, piperidino, 2-methyl- 
1 -piper idinyl, raorpholino or hexamethyleneimino ; or 

(b) x2 is imino, 0 or S; j is 1; k is 1; m is 1; R^ 
is hydroxy; and R^ and R^ are independently hydrogen or 

35 (l-3C)alkyl or the group NR^R*^ is pyrrolidine, piperidino, 
morpholino or hexamethyleneimino; or 
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(c) x2 is imino, O or S; j is 1; k is 1; m is 0; r2 
is hydroxymethyl or metho^^carbonyl ; and and are 
independently hydrogen or {l-3C)alkyl; or 

(d) x2 is imino, O or S; j is 0, 1, 2 or 3; k is 1; . 
5 m is 0 or 1; provided that j and m are not both 0; r2 and R^ 

together form a diradical -(CH2)n- in which n is 2, 3 or 4 and 
the sum of m and n is 3 or 4; and R^ is hydrogen or 
(l-3C)alkyl; or 

(e) x2 is -NH-C(O)-; j is 0; k is 0; m is 1; and R^ 
10 and R^ are independently hydrogen or (l-3C)alkyl or the group 

NR^R^ is pyrrolidine, piperidino, morpholino or 
hexamethyleneimino; and 

(1) x3 is a direct bond, methylene, imino, O or S; 
q is 0, 1 or 2; and r is 0 or 1; provided that q and r are 

15 not both zero, and provided that when q is 1 and r is 0, then 
x3 is a direct bond; each R^ is hydrogen or the two R^ groups 
together form a divalent radical -(CH2)s- in which s is 3 or 
4; and R^ and R^ are independently hydrogen or {l-4C)alkyl or 
the group NR^R^ is 2- (hydroxymethyl) -l-pyrrolidinyl, 

20 2-(methoxymethyl)-l-pyrrolidinyl, pyrrolidino, piperidino, 

morpholino, hexamethyleneimino, 1-imidazolyl or 4,5-dihydro- 
I- imidazoly 1 ; or 

(2) X^ is imino, O or S; q is 0; r is 1; one R? 
group is (l-5C)alkyl and the other r3 group is independently 

25 hydrogen or (l-5C)alkyl; and R^ and R^ are independently 
hydrogen or (l-3C)alkyl or the group NR^Rd is pyrrolidino, 
piperidino, morpholino or hexamethyleneimino; or 

(3) X^ is imino, O or S; q is 0, 1 or 2; r is 1; 
one R^ group is hydrogen and the other R^ group together with 

30 the group R^ forms a divalent radical -(CH2)t~ in which t is 
2, 3 or 4 such that the resulting ring is a pyrrolidine or 
piper idine; and R^ is hydrogen or (l-3C)alkyl; or 

(4) x3 is -N(R^)-; q is 0; r is 1; the r3 group on 
the carbon bonded to X^ and the group R*^ together form a 

35 diradical -{CH2)3-; the other r3 group is hydrogen; and rc and 
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are independently {l-3C)alkyl or the group NR^R^ is 
pyrrolidine, piperidino, morpholino or hexamethyleneimino; or 

(5) is ethene--l,2-diyl or ethyne-1, 2-diyl; 
q is 1; r is 0; and and R^ are independently (l-3C)alkyl 
5 or the group NR^Rd is pyrrolidino, piperidino, morpholino or 
hexamethyleneimino ; 

provided that the compound is not one in which A is 
S; a2 is para-phenylene; is para-phenylene; R^ denotes 
zero substituents on the benz-ring or R^ denotes a hydroxy or 

10 methoxy substituent at the 6-position of the 

benzo [Jb] thiophene ring; is carbonyl; is O; j and k are 
both 0, the group -(CH2)in- is ethylene; R^ and Rt> are 
independently (l-3C)alkyl or the group NR^R^ is pyrrolidino, 
piper idino, morpholino or hexamethyleneimino; X^ is O; the 

15 group - {CH2)q- (CHR3-rCHR3)r- is ethylene; and R^ and R<^ are 
independently (l-3C)alkyl or the group NR^R^ is pyrrolidino, 
piperidino, morpholino or hexamethyleneimino. 

One particular novel compound of formula 1, or a 
pharmaceutically acceptable salt thereof, is one wherein 

20 A is S, -CH=CH- or -CH2-CH2-; 

A^ is an aromatic or heteroaromatic divalent 
radical selected from para-phenylene, a 6-membered ring 
heteroaromatic divalent radical containing 1 or 2 ring 
nitrogens and a 5-membered ring heteroaromatic divalent 

25 radical containing one oxygen or sulfur ring atom and 0, 1 or 
2 ring nitrogens in which heteroaromatic divalent radical the 
valences eire in the 1,4- or 2,5- or 3,6- relationship and 
which divalent radical may bear a methyl, hydroxy or methoxy 
substituent (and more particularly, which divalent radical 

30 does not bear a substituent) ; 

a3 is an aromatic or heteroaromatic divalent 
radical selected from para-phenylene, a 6-membered ring 
heteroaromatic divalent radical containing 1 or 2 ring 
nitrogens and a 5-membered ring heteroaromatic divalent 

35 radical containing one oxygen or sulfur ring atom and 0, 1 or 
2 ring nitrogens in which heteroaromatic divalent radical the 
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valences are in the 1,4- or 2,5- or 3,6- relationship and 
which divalent radical may bear a (l-3C)alkyl, (l-2C>alko3Qr 
or halo stibstituent (and more particularly, which divalent 
radical may bear a {l-3C)alkyl or halo substituent) ; 
5 r1 denotes 0, 1 or 2 sxabstituents on the benz-ring 

independently selected from halo, methyl, ethyl, hydroxy, 
methoxy, carbamoyl, aminomethyl and hydroxymethyl; 

is O, S, methylene, carbonyl or ethene-1, 1-diyl; 
x2 is a direct bond, methylene, O or S; j and k are 
10 both 0; m is 1, 2, 3 or 4; provided that when m is 1, then x2 
is a direct bond; and and are independently hydrogen or 
{l-3C)alkyl or the group NR^R^^ is pyrrolidino, piperidino, 
morpholino or hexamethyleneimino; 

X^ is a direct bond, methylene, imino, O or S; q is 
15 0, 1 or 2; and r is 0 or 1; provided that q and r sure not 

both zero, and provided that when q is 1 and r is 0, then X3 
is a direct bond; each R^ is hydrogen or the two R^ groups 
together form a divalent radical -{CH2)s- in which s is 3 or 
4; and R^ and R^ are independently (l-3C)alkyl or the group 
20 NR^R^ is pyrrolidino, piperidino, morpholino, 
hexamethyleneimino or 1-imidazolyl. 

A particular novel compound of formula I as 
described above is one in which 

A is S, -CH=CH- or -CH2-CH2-; 
25 a2 is para-phenylene which may bear a substituent 

Rj ortho to the group X^ and R^ is methyl, hydroxy or methoxy 
or A^ is pyridine-2 , 5-diyl in which the 2-position is joined 
to X^ (and more particularly, which divalent radical does not 
bear a substituent) ; 
30 A^ is para-phenylene which may bear a substituent 

R^ ortho to the group X^ and R® is ( 1-3 ) alky 1, (l-2C)alkoxy 
or halo or A^ is pyridine-2, 5-diyl in which the 2-position is 
joined to X^ (and more particularly, ^e is (i-3)alkyl or 
halo) ; 
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denotes 0, 1 or 2 substituents on the benz-ring 
independently selected from halo, methyl, ethyl, hydroxy, 
methoxy, carbamoyl, aminomethyl and hydroxymethyl ; 

Xl is 0, S, methylene, carbonyl or ethene-1, 1-diyl; 
5 x2 is a direct bond, methylene, O or S; j and k are 

both 0; m is 1, 2, 3 or 4; provided that when m is 1, then x2 
is a direct bond; and and R^ are independently hydrogen or 
(l-3C)allcyl or the group NR^R^ is pyrrolidine, piperidino or 
morpholino; 

10 x3 is a direct bond, methylene, imino, O or S; q is 

0, 1 or 2; and r is 0 or 1; provided that q and r are not 
both zero, and provided that when q is 1 and r is 0, then X^ 
is a direct bond; each R^ is hydrogen or the two R^ groups 
together form a divalent radical -(CH2)s- in which s is 3 or 

15 4; and R*^ and R^ are independently (l-3C)alkyl or the group 
NRCRd is pyrrolidine, piperidino, morpholino, 
hexamethyleneimino or 1-imidazolyl . 

A more particular novel compound of the invention 
is a ccnpound of fozmula la 

X^ ^ ^ X^^-CHR^^CHR^-NR^'^ 

la 



20 




X2a-(CH2)2-NR^R^ 



wherein 



A is S, -CH=CH- or -CH2-CH2-; 

D is CH, CR^ or N in which R3 is methyl, hydroxy or 
methoxy (and more particularly D is CH or N) ; 
25 E is CH, CR^ or N in which R^ is (l-3C)alkyl, 

(l-2C)alkoxy or halo (and more particularly E is CH, CR^ or N 
in which R® is (l-3C)alkyl or halo); 

r5 is hydrogen, halo, methyl, hydroxy or methoxy; 
R^ is hydrogen, hydroxy or metho3^; 
30 X^ is O, S, methylene, carbonyl or ethene-1, 1-diyl; 
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is methylene or O; and and R*^ are 
independently hydrogen or (l-3C)alkyl or the group NR^R^ is 
pyrrolidino or piperidino; 

X^^ is methylene, imino, O or S; and each R-' is 
5 hydrogen or the two R^ groups together form a divalent 
radical -{CH2)s- which s is 3 or 4; and and R^ are 
independently (l-3C)alkyl or the group NR<=R^ is pyrrolidino, 
piperidino, morpholino, hexamethyleneimino or 1-imidazolyl; 

provid.^^jthat the compound is not one in which A is 
10 S; D is CH; E is CH; R^ is hydrogen, R^ is hydrogen, hydroxy 
or methoxy; is carbonyl; X^a is O; R^ and R^ are 
independently (l-3C)alkyl or the group NR^R^ is pyrrolidino 
or piperidino; X^^ is O; each r3 is hydrogen; and RC and R^ 
are independently (l-3C)allcyl or the group NR*==R<* is 
15 pyrrolidino, piperidino, morpholino or hexamethylenemino , 
A particulgu: novel compound of formula la is one 
wherein^ A is S; D is CH; E is CR^ in which R^ is methoxy; R^ 
is hydrogen; is hydroxy; X^ is methylene; X^a is O; and 
the group NR^R^ is pyrrolidino; X^^ is 0; and the two R^ 
20 groups together form a divalent radical -(CH2)s~ in which s 
is 4 and which forms a trans-1, 2-cyclohexanediyl group; and 
R^ and R*^ are each methyl or the group NR^R^ is pyrrolidino. 

An additional particular novel compound of formula 
I is one which may be denoted as a compound of formula lb 

^ ^ CH2-NR^R^ 



lb 



25 'G" ^X2"^-(CH2)2-NR*R^ 

wherein 

A is S, -CH=CH- or -CH2-CH2-; 

G is CH, CR^ or N in which R^ is methyl, hydro3c/ or 

methoxy; 

30 M is CH, CR«i or N in which m is (l-3C)alkyl, 

(l-2C)alkoxy or halo;. 
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r5 is hydrogen, halo, methyl, hydroxy or methoxy; 
is hydrogen, hydroxy or methoxy; 
is O, S, methylene, carbonyl or ethene-1, 1-diyl; 
x2b is a direct bond or O; and and R^ are 
5 independently hydrogen or (l-3C)alkyl or the group NR^iRb is 
pyrrolidino or piper idino; and 

RC and Rd are independently (l"3C)alkyl or the 
group NRCRd is 2- (hydroxymethyl) -1-pyrrolidinyl, 
2-(methoxymethy.l)-l-pyrrolidinyl, pyrrolidino, piperidino or 
1 0 morphol ino . 

A more particular novel confound is one of formula 
lb is wherein A is S; G is CH or N; M is CH, CR^ or N in 
which R"* is methyl, methoxy, chloro or bromo; R^ is hydrogen; 
r6 is hydroxy; is methylene; x2b is a direct bond or O; 

15 the group NR^Rb is pyrrolidino; and BP and R^ are each methyl 
or the group NR^R^ is 2- (hydroxymethyl) -1-pyrrolidinyl, 
2-(methoxymethyl)-l-pyrrolidinyl, pyrrolidino or morpholino. 

A further particular novel compound of the 
invention is any of the above novel compoxuids wherein X^ is 

20 methylene. 

A further particular novel compound of the 
invention is any of the above novel compounds wherein s is 4. 

Another particular novel coiipound of the invention 
is any of the above novel compoxinds wherein A is S. 

25 A further particular novel compound of the 

invention is any of the above novel compounds wherein said 
compound is a conpound of formula I in which r1 denotes a 
hydroxy substituent at the position corresponding to the 
6-position of a benzo[jb] thiophene or a compoxind of formula la 

30 or of formula lb in which R^ is hydrogen and R^ is hydroxy. 

A selected novel compound of the above novel 
compounds is a compound of formula la in which A is s; D is 
CH or N, E is CH or N, R^ is hydrogen, r6 is hydroxy, the 
group -x2a.(CH2)2-NRaRb is 2- (1-pyrrolidinyl) ethoxy, and the 

35 group -X^a-cHR^-CHR^-NRCRd is 3- (l-pyrrolidinyl) propyl. 
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2- { 1-pyrrolidinyl ) ethoxy , trans-2- { 1 -pyrrol idinyl ) - 
cyclohexyloxy or trans-2- (l-piperidyl)cyclohexyloxy. 

A preferred novel compound of the invention includes 
one wherein said coirpoiind of formula I is one of those 
5 described herein at Examples 123, 124 and 164. 

A pharmaceutically acceptable salt of an 
antithrombotic diamine of the instant invention includes one 
which is an acid-addition salt made with an acid which 
provides a pharmaceutically acceptable anion. Thus, an acid 

10 additon salt of a novel compound of formula I as provided 
above made with an acid which affords a pharmaceutically 
acceptable anion provides a particular aspect of the 
invention. Exan^jles of such acids are provided hereinbelow. 

As an additional aspect of the invention there is 

15 provided a pharmaceutical formulation comprising in 

association with a pharmaceutically acceptable carrier, 
diluent or excipient, a novel compound of formula I (or a ^ 
pharmaceutically acceptcible salt thereof) as provided in any 
of the above descriptions. 

20 In this specification, the following definitions 

are used, unless otherwise described: Halo is fluoro, 
chloro, bromo or iodo. Alkyl, alkoxy, etc. denote both 
straight and branched groups; but reference to an individual 
radical such as ^propyl* embraces only the straight chain 

25 (''normal*) radical, a branched chain isomer such as 
*isopropyl" being specifically denoted- 

It will be appreciated that certain conpounds'of 
formula I (or salts or prodrugs, etc.) (such as when is 
not hydrogen) may exist in. and be isolated in, isomeric 

30 forms, including cis- or trans -isomers, as well as optically 
active, racemic, or diastereomeric forms. It is to be 
xinderstood that the present invention encompasses a compound 
of formula I as a mixture of disistereomers , as well as in the 
form of an individual diastereomer, and that the present 

35 invention enconipasses a conqpound of formula I as a mixture of 
enantiomers, as well as in the form of an individual 
enantiomer, any of which mixtures or form possesses 
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inhibitory properties against thrombin, it being well known 
in the art how to prepare or isolate particular forms and how 
to determine inhibitory properties against thrombin by 
standard tests including those described below . 
5 In addition, a compound of formula I (or salt or 

prodrug, etc.) may exhibit polymorphism or may form a solvate 
with water or an organic solvent. The present invention also 
encompasses any such polymorphic form, any solvate or any 
mixture thereof. 

10 Particular values are listed below for radicals, 

substituents, and ranges, for illustration only, and they do 
not exclude other defined values or other values within 
defined ranges for the radicals and substituents. 

A particular value for a (l-2C)alkyl group is 

15 methyl or ethyl; for a {l-3C)alkyl group is methyl, ethyl, 
propyl or isopropyl; for a (l-4C)alkyl group is methyl, 
ethyl, propyl, isopropyl or butyl; for a (l-5C)al)cyl group is 
methyl, ethyl, propyl, isopropyl, butyl or pentyl; and for a 
{l-2C)alkoxy group is methoxy or ethoxy. 

20 A particular value for A^ or A^ when it is a 

6-membered ring heteroaromatic divalent radical is pyridin- 
2 , 5-diyl , pyr idazin-3 , 6-diyl , pyrazin-2 , 5-diyl , or pyrimidin- 
2,5-diyl (and more particularly, pyridin-2, 5-diyl or pyrazin- 
2, 5-diyl; especially pyridin-2, 5-diyl) . A particular value 

25 for a2 or A^ when it is a 5-merobered ring heteroaromatic 
divalent radical is furan-2, 5-diyl, thiophen- 2, 5-diyl, 
oxazol-2 , 5-diyl , thiazol-2 , 5-diyl , isoxazol-3 , 5-diyl , 
isothiazol-3, 5-diyl, 1, 3, 4-oxadiazol-2, 5-diyl or 1,3,4- 
thiadiazol-2, 5-diyl (and more particularly, isoxazol- 

30 3, 5-diyl) . 

A compound of formula I may be made by processes 
which include processes known in the chemical art for the 
production of known compounds of formula I or of structurally 
analogous compounds or* by a novel process described herein. 
35 A process for a novel coxnpound of formula I (or a 

pharmaceutically acceptable salt thereof) , novel processes 
for a compound of formula I and novel intermediates for the 
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manufacture of a compound of formula I as defined above 
provide further features of the invention and are illustrated 
by the following procedures in which the meanings of the 



5 specified- It will be recognized that it may be preferred or 
necessary to prepare a compound of formula I in which a 
functional group is protected using a conventional protecting 
group, then to remove the protecting group to provide the 
compound of formula I. 
10 Thus, there is provided a process for preparing a 

novel confound of formula I {or a pharmaceutical ly acceptable 
salt thereof) as provided in any of the above descriptions 
which is selected from: 



15 ethene-1, 1-diyl, methylenation of a corresponding compound of 
formula I in which is carbonyl. The methylenation 
conveniently is carried out using methylidenetriphenyl- 
phosphorane generated in situ from methyl idenetriphenyl- 
phosphonium bromide cind a strong base such as potassixam 

20 tert-butoxide in an inert solvent such as tetrahydrofuran in 
a manner similar to that described in Example 12, Part A, for 
the preparation of an intermediate compound. 



25 the hydro3<y group of a corresponding alcohol of formula II 
(or formula Ila or formula lib) . 

CH ( OH ) - A ^ -X^ - ( CH 2 ) q - ( CHR^ -CHR ^ ) r -NR^ R"^ 



generic radicals are as defined above, unless otherwise 



(A) For a compound of formula I in which X^ is 



(B) For a compound of formula I (or formula la or 
formula lb) in which X^ is methylene, reductive removal of 




A^-X^- (CH2 ) j- (CHR2 ) k- (CH2) m-NR^Rb 



II 
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CH (OH)-(^ ^) X^^-CHR^-CHR^-NR^R^ 

E 



'X2^-(CH2)2'-NR^R^ 



Ila 




CH2-NR*=R*^ 



lib 



G' *X2^-(CH2)2-NR*R'=^ 
The reductive removal conveniently is carried out 
5 using sodium borohydride in trif luoroacetic acid in a manner 
similar to that described in Example 2, Part D, or using 
triethylsilane in trif luroracetic acid in a manner similar to 
that described in Exanple 3, Part E. An intermediate alcohol 
of formula II (or formula Ila or formula lib) provides an 
10 additional feature of the invention; it may be obtained by 
reducing the carbonyl group of a corresponding ketone of 
formula I (or formula la or formula lb) in which X^ is 
carbonyl, for exaitple by using lithium aluminium hydride in 
tetrahydrofuran in a manner similar to that described in 
15 Example 2, Part D, or Example 3, Part E or by using 

diisobutylaluminium hydride in tetrahydrofuran in a manner 
similar to that described in Example 32, Part A. 

(C) For a compoiind of formula I in which A is O or 
S cuid X^ is carbonyl, acylation of a corresponding compound 
20 of formula III 




P? -X2 - (CH2) j - (CHR2 (CH2 )„-NR*R»» 

with an activated derivative of a corresponding acid of 
formula IV. 
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H0OC-a3 - ( CH2 ) q- ( CHR^ -CHR^ ) j^-NRCR^ ^ 
Conveniently, the acylation is carried out using 
the hydrochloride salt of the acid chloride of the acid 
formula IV and a catalyst such as aluminium chloride in a 
5 manner similar to that described in Example 1, Part C or 

titanium tetrachloride in a manner similar to that described 
in Exaitple 2, Part C. 

(D) For a compound of formula I in which A is 
-CH=CH-, selective dehydrogenation of a corresponding 

10 compound in which A is -CH2-CH2-/ for example using 

2,3'-dichloro-5,6-dicyano-l,4-benzoquinone (DDQ) at 50 °C to 
100 ®C in an inert solvent such as dioxane. 

(E) For a compound of formula I in which A is 
-CH2-CH2- and is carbonyl^ condensation of a corresponding 

15 conpound of formula V 

C (O > -A^ -X3 - (CH2 ) q- {CHR^ -CHR3 ) ^ -NRpR^ 
OP0(0C6H5)2 

with a corresponding reagent of formula VI; 

Br-Mg-A2-x2-(CH2) j-(CHR2)k-(CH2)m-NR^R^ VI 
for example, in cin inert solvent such as tetrahydrofuran at 
20 about 0 **C, 

(F) For a compound of formula I in which X^ is O, 
cross coupling a corresponding compound of formula VII 

0-A3-X^-(CH2)q-(CHR^-CHR3)r-NR«=I^ 

25 with a corresponding boronic acid of formula VIII; 

(HO) 2B-a2 .x2. (CH2 ) j - (CHR2 ) (CH2 ) m-NR^R^ VIII 




30 



for example, using a similar procedure to that described in 
Exanple 11, Part D for the preparation of an intermediate 
conqpound in which A is S. 
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(G) For a coii¥»ound of foimila I in which is O 
or S, treatment of a corresponding organolithium compound of 
formula IX 

^ a2 -X2 > ( CH2 ) j - ( CHr2 ) ^ - ( CH2 ) ^-NR^R^ 

5 with a corresponding disulfide of formula X; 

( -S-a3 -x3 - (CH2 ) q- (CHr3 -CHR^ ) ^--NRCRd) 2 x 

for example, using a similar procedure to that described in 
10 Example 10, Part B for the preparation of an intermediate 
compound in which A is S. 

(H) For a compound of formula I in which or a 
substituent on or A^ is hydroxy, removal of the O-methyl 
group of a corresponding compound of formula I in which R^ or 

15 a substituent on A^ or A^ is methoxy. The removal may be 
carried out by any conventional manner consistent with the 
structure of the compound of formula I, for example, using 
aluminivmi chloride and ethanethiol in an inert solvent as 
described in Example 1, Part D. 

20 (I) For a compound of formula I in which x2 is O 

or S, alkylation at x2 of a corresponding conqppund of 
formula XI 

a X^-A^-X^- (CH2 )q- (cm? -CHR3 )^-NR<=Rd 

in which x2 is O or S with a corresponding compound of 
25 formula XII 

L- (CH2 ) j - (CHR2 ) (CH2 ) m-NR^Rb XII 



30 



in which L denotes a leaving group. It may be preferred to 
generate the leaving group of the compound of formula XII in 
situ from the corresponding hydroxy compound and perform the 
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alkylation under Mitsunobu conditions using triphenyl- 
phosphine and diethyl azodicarboxylate in an inert solvent, 
for example, as described in Example 4, Part B for the 
preparation of an intemediate compound- Alternatively, a 
5 compound of formula XII in which L is chloro, bromo, iodo or 
a sulfonate, such as methanesulfonate or p-toluenesulfonate, 
may be used, preferably in conjunction with a base such as 
cesium carbonate, using a similar procedure to that described 
in Example 3, Part D, for example as described in Example 5, 
10 Part C. 

(J) For a compound of formula I in which X^ is O 
or S, alkylation at X^ of a corresponding compound of 
formula XIII 



X^-A^-X^-H 




a2-x2 - (CH2) j - (CHR2 ) k~ (CH2 ) „-NR"R^ ^^^^ 

15 in which X^ is O or S with a corresponding conpound of 
formula XIV 

L-(CH2)q-(CHR3-CHR3)r-NRCRd XIV 

20 in which L denotes a leaving group as defined above. It may 
be preferred to generate the leaving group of the comF>ound of 
formula XIV from the corresponding hydroxy compound and to 
perform the alkylation under Mitsvinobu conditions as 
described above. Alternatively, L may have any of the values 

25 described, above for L, and the all^lation may be carried out 
using a similar procedure to that described in Example 3, 
Part D. 

(K) For a con^MDund of formula I in which x2 and X^ 
are O or S and in which -(CH?) j-(CHR2)k-{CH2)m-NRaR^ is the 
30 same as - (CH2)q- (CHR3-CHR3)r-NRCRb, dialkylation of a 
compound of formula XV 
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'<XX 

with a compound of formula XII. The dialkylation may be 
carried out as described above for the alkylation of a 
coirtpound of formula XI or formula XIII, for example as 
5 described in Example 8, Part D or Example 10, Part D. 

(L) For a conpound of formula I in which is 
carbcimoyl, amino lysis of a corresponding intermediate 
compound of formula I in which is a lower alkoxy-carbonyl 
group, such as a roethoxy-carbonyl group. The aminolysis^ is 
10 conveniently carried out using anhydrous ammonia in a lower 
alcohol imder pressure, for example, as described in Example 
30, Part E. 

(M) For a compound of formula I in which R^ or a 
substituent on or the value of -X^- (CH2)q- (CHR3-CHR3)r- 
15 NR^R^ is aminomethyl, reduction of an intermediate compound 
corresponding to a compound of formula I but in which R^ is 
cycino or of a corresponding compound of formula I in which a 
substituent on is cyano or of an intermediate conpound 
corresponding to a compound of formula I but in which 
20 -x3-(CH2)q-(CHR3-CHR3)jE.-NR<=^R'^ is cyano. The reduction 

conveniently is carried out using lithium aluminium hydride 
in tetrahydrofuran, for example as described in Example 31, 
Part D for the preparation of an intermediate alcohol of 
formula II in which R^ is aminomethyl or as described in 
25 Example 162. 

(N) For a compotind of formula I in which R^ or R^ 
is hydroxymethyl , reduction of a corresponding intermediate 
compound of formula I in which R^ or R^ is a lower alkoxy- 
carbonyl group, such as a methoxy-carbonyl group. The 
30 reduction is conveniently Ccirried out using diisobutyl- 
aluminium hydride in toluene and tetrahydrofuran, for 
example, as described in Example 32, Part A for the 
preparation of an intermediate alcohol of formula II in which 
R^ is hydroxymethyl or as described in Example 168, 
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(O) For a coitpound of formula I in which a3 xs 
pyridine-'2, 5-diyl in which the 2-position is joined to and 

is O, displacement of the leaving group L of a 
corresponding compound of formula XVI, 




""a^ -X^ - (CH2 ) j - {CHR2 ) ,5 - (CH2 ) ro-NR^R^ 

in which L is defined as above, with an alkali metal alkoxide 
of an alcohol of formula XVII, 

HO-(CH2)q-(CHR3-CHR3)j^-NRCRd XVII 



for example with the sodium alkoxide. The reaction is 
conveniently carried out with a confound of formula XVI in 
which L is chloro and the sodium alkoxide derived from an 
alcohol of formula XVII using conditions described in 
15 Example 9, Part B and further illustrated in Example 33, 
Part 

(P) For a compound of formula I in which A^ bears 
a (l-4C)alkyl substituent, ^substitution of the brorao group of 
a corresponding compound of formula I in which A^ bears a 

20 bromo substituent. The substitution is conveniently carried 
out using a tetralkyltin reagent and a palladixun(O) catalyst 
in an inert solvent, for example as described in Exaitqple 8, 
Part B for the preparation of an intermediate compoxmd. 

(Q) For a compound of formula I in which X^ is 

25 carbonyl, condensation of a corresponding organolithiiora 

compovmd of formula IX with a derivative of a corresponding 
acid of formula IV which will provide a ketone upon 
condensation. Derivatives of an acid of formula IV which will 
provide a ketone upon condensation include the lithium salt of 

30 the acid, corresponding amides such as the N-methoxy-N-methyl 
amide, and the corresponding nitrile. The condensation is 
typically ceonried out in an inert, aprotic solvent, for example 
tetrahydrofuran, at or below ambient temperature- 
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(R) For a compoxind of formula I in which is 
carbonyl, condensation of a corresponding organolithium 
compound of formula XVIII 

5 Li-A3-x3- (CH2 ) qr- (CHr3-CHr3 ) r-NR^Rd XVIII 

with a derivative of a corresponding acid of formula XIX 

^ COOH 

^ A2-x2-(CH2)j-(CHR2),,-(CH2)m-NRaRb XIX 

which will provide a ketone upon condensation. Derivatives of 
10 an acid of formula XIX which will provide a ketone upon 
condensation include the lithium salt of the acid, 
corresponding amides such as the N-methoxy-N-methyl amide, and 
the corresponding nitrile. The reaction is typically carried 
out as described cibove in procedure (Q) . 
15 (S) For a compound of formula I in which A is 

-CH=CH- and is methylene, elimination of water from a 
corresponding compound of formula II in which A is -CH2-CH2~. 
The elimination conveniently is effected using an acid 
catalyst, for example by heating the compound of formula II in 
20 a solution of anhydrous ethanolic HCl. 

(T) For a compound of formula I in which A is S and 
xi is carbonyl, condensation of a compound of formula XXV 

JC (O) -A^ -X^- (CH2 ) q- (CHR^ -CHR3 ) ^-NR^R^ 




N{CH3)2 ™ 
with a corresponding reagent of formula VI. The condensation 
25 conveniently is carried out in an inert solvent such as 

tetrahydrofuran at about 0 for exan^le as described in 
Example 34, Part B. 

(U) Alky lat ion of an amine of formula HNR^R^ with a 
compound of formula XXVI 
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X^-A^-X^- (CH2) q- (CHR3-CHR3 )r-NR''R"* 



, XXVT 
A a2-x2^ (CH2 ) j - (CHR2 ) (CH2) m-L 

wherein L is a leaving group as defined above, or for a 

compound of formula I in which r2 is OH, wherein L and r2 form 

an epoxide. Conveniently, the alkylation is carried out by 

heating the reagents in a polar solvent, for example as 

described in Example 43, Part C or in Example 116, Part B. 

(V) All«ylation of an amine of formula HNR^R^ with 

a compound of formula XXVII 

X^-A^-X^- (CH2) q- (CHR3-CHR^)r-L 




a2 -X2- (CH2 ) j - (CHR2 ) (CH2) m-NR*R^ 
10 wherein L is a leaving group as defined above- Conveniently, 

the alkylation is carried out by mixing the reagents in a polar 
solvent, for exan¥>le as described in Exairple 129, Part C. 

(W) For a compound of formula I in which xi XS 
carbonyl (particularly wherein A^ is unsubstituted or 
15 substituted para-phenylene) and X^ is imino, O, S or -N(R*^)-, 
substitution of the group Z wherein Z is f luoro or nitro 
(particularly wherein Z is f luoro) of a ketone of 
formula XXVIII 




A2-x2-(CH2)j-{CHR2)i,-{CH2)„,-NRaR^ XXVIII 

20 using a cOTnpound of formula XXIX, 

H-x3~ (CH2 ) q- (CHr3-CHr3 ) r-NR^Rd XXIX 



or a metal salt thereof, preferably an alkali metal salt. 
25 Conveniently, the substitution reaction is carried out by 

heating the reagents XXVIII and XXIX in dimethylformamide or 
tetrahydrofuran using sodium hydride or potassiiam carbonate. 
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for example as illustrated in Example 59, Part B; in Exait^le 
121, Part B; in Example 145, Part C; in Example 147 or in 
Example 117, Part D for the preparation of an intermediate of 
formula XXV. 

5 (X) For a compound of formula I in which a 

substituent on is amino, reduction of a corresponding 
compound of formula I in which a siji>stituent on is nitro. 
The reduction may be carried out using a conventional method, 
for example by catalytic hydrogenation as described in 
10 Example 97. 

(Y) For a compound of formula I in which a 
substituent on A^ is -NHC(0)R^ or -NHS(0)2R9f siibstitution of 
the amino group of a corresponding compound of formula I in 
which a substituent on A^ is amino using an activated 

15 derivative of an acid of formula HOC(0)R^ or H0S(0)2R^» 

Conveniently, the activated derivative is the acid anhydride or 
the acid chloride, and the substitution is ceurried out in a 
polar solvent, for example as in Example 111 or Example 113. 
(Z) For a coitpound of formula I in which a 

20 substituent on A^ is ^NHCH2R^ or a conpound of formula I in 
which ~(CH2) j-(CHR2)k'-(CH2)in-NR^R^ terminates in -CH2-NR^Rt'' 
reduction of the amide of a corresponding compound of formula I 
in which a substituent on A^ is -NHC(0)R^ or of an intermediate 
compound corresponding to a conpound of formula I but in which 

25 -(CH2) j-(CHR2))5.-(CH2)in"NR^R*^ terminates in -CCONR^Rb, The 
reduction conveniently is carried out using lithium alximinum 
hydride in tetrahydrofuran, for example as described in 
Example 112 or Exanqple 166, Part E. 

(AA) For a compound of formula I in which X^ is 

30 ethene~l, 2-diyl, reduction of the triple bond of a corres- 
ponding conpound of formula I in which X^ is ethyne-1, 2-diyl. 
For a compound of formula I in which the double bond is trans-, 
the reduction conveniently is effected using diisobutylalumintim 
hydride as described in Example 130; for a compound of formula 

35 I in which the double bond is cis-, the reduction conveniently 
is effected using hydrogenation over a Lindlar catalyst as 
described in Example 131. 
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(AB) For a compoimd of formula I in which a 
substituent on is cyano, substitution of the halo group of a 
corresponding compound of formula I in which a substituent on 

is bromo or iodo. The substitution conveniently is effected 
by heating the compound with cuprous cyanide in a polar solvent 
such as l-methyl-2-pyrrolidinone as described in Example 161, 
Part A. 

V^ihereafter, for any of the above procedures, when a 
functional group is protected using a protecting group, 
removing the protecting group. 

Whereafter, for any of the above procedures, when a 
phcirmaceutically acceptable salt of a conqpound of formula I is 
required, it may be obtained by reacting the basic form of such 
a conrpound of formula I with adi acid affording a 
physiologically acceptable counter ion or by any other 
conventional procedure. 

A particular process of the invention is one 
selected from procedures (A)-(R) above for a novel compound 
of formula I wherein 

A is S, -CH=CH- or -CH2-CH2-; 

A^ is an aromatic or heteroaromatic divalent 
radical selected from para-phenylene, a 6-membered ring 
heteroaromatic divalent radical containing 1 or 2 ring 
nitrogens and a 5-membered ring heteroaromatic divalent 
radical containing one oxygen or sulfur ring atom and 0, 1 or 
2 ring nitrogens in which heteroaromatic divalent radical the 
valences are in the 1,4- or 2.5- or 3,6- relationship; 

A^ is an aromatic or heteroaromatic divalent 
radical selected from para-phenylene , a 6-membered ring 
heteroaromatic divalent radical containing 1 or 2 ring 
nitrogens and a 5-membered ring heteroaromatic divalent 
radical containing one oxygen or sulfur ring atom and 0, 1 or 
2 ring nitrogens in which heteroaromatic divalent radical the 
valences are in the 1,4- or 2,5- or 3,6- relationship and 
which divalent radical may bear a (l-3C)alkyl or halo 
substituent; 
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denotes 0, 1 or 2 sxibstituents on the benz-ring 
independently selected from halo, methyl, ethyl, hydroxy, 
methoxy, ceurbamoyl, aminomethyl and hydroxymethyl ; 

xl is O, S, methylene, carbonyl or ethene-1, 1-diyl; 
5 x2 is a direct iDond, methylene, O or S; j and k are 

both 0; m is 1, 2, 3 or 4; provided that when m is 1, then x2 
is a direct bond; and and R*^ are independently hydrogen 
or (l-3C)alkyl or the group NR^rI^ is pyrrolidino, piperidino, 
morpholino or hexamethyleneimino; 

10 x3 is a direct bond, methylene, imino, O or S; q is 

0, 1 or 2; and r is 0 or 1; provided that q and r are not 
both zero, and provided that when q is 1 and r is 0, then X^ 
is a direct bond; each R^ is hydrogen or the two r3 groups 
together form a divalent radical -(CH2)s~ in which s is 3 or 

15 4; and and R^ are independently (l-3C)alkyl or the group 
NRpR^ is pyrrolidino, piperidino, morpholino, 
hexamethyleneimino or 1-imidazolyl; 

provided that the compound is not one in which A is 
S; a2 is para-phenylene; is para-phenylene; r1 denotes 

20 zero substituents on the benz-ring or denotes a hydroxy or 
methoxy substituent at the 6-position of the 
benzo[b] thiophene ring; X^ is carbonyl; X^ is O; the group 
-(CH2)in~ is ethylene; R^ and R^^ are independently (l-3C)al)cyl 
or the group NR^R^ is pyrrolidino, piperidino, morpholino or 

25 hexamethyleneimino; X^ is O; the group - (CH2>q- (CHR3-CHR3)I.- 
is ethylene; and R^ and R^ are independently (l-3C)alkyl or 
the group NR^Rd is pyrrolidino, piperidino, morpholino or 
hexamethyleneimino 

whereafter, for any of the procedures (A) - (R) , when 

30 a pharraaceutically acceptable salt of a compound of formula I 
is required, it is obtained by reacting the basic form of 
such a conpound of formula I with an acid affording a 
physiologically acceptable counterion or by any other 
conventional procedure. 

35 As mentioned above, a compound corresponding to a 

compoxind of formula I but in which a functional group is 
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protected may serve as an intermediate for a compound of 
formula I. Accordingly, such protected intermediates for a 
novel compound of formula I provide further aspects of the 
invention. Thus, as one particular aspect of the invention, 
5 there is provided a compoimd corresponding to a novel 

compoiand of formula I as defined above and bearing at least 
one substiutent which is hydroxy, but in which the 
corresponding substituent is -ORP in place of hydroxy, 
wherein RP is a phenol protecting group other than methyl. 
10 Phenol protecting groups are well known in the art, for 
exaitple as described in T.W. Greene and P.G.M. Wuts, 
"Protecting Groups in Organic Synthesis" (1991) . Particular 
values of RP include, for example, benzyl (for example as 
described in Example 41 or Example 81) and allyl (for example 
15 as described in Example 88) . Fiurther, RP may denote a 
functionalized resin, for example as disclosed in 
H.V. Meyers, et al., Molecular Diversitv, (1995), 1, 13-20. 

As mentioned above, the invention includes 
pharmaceutically acceptable salts of the thrombin inhibiting 
20 compoxinds defined by the above formula I. A particular 

diamine of this invention possesses one or more sufficiently 
basic functional groups to react with any of a number of 
inorganic and organic acids affording a physiologically 
acceptable counterion to form a pharmaceutically acceptable 
25 salt. Acids commonly eoqployed to foim pharmaceutically 

acceptable acid addition salts are inorganic acids such as 
hydrochloric acid, hydrobromic acid, hydroiodic acid, 
sulfuric acid, phosphoric acid, and the like, and organic 
acids such as p- toluene sulfonic, methanesulf onic acid, 
30 oxalic acid, p-bromo phenyl sulfonic acid, carbonic acid, 
succinic acid, citric acid, benzoic acid, acetic acid, and 
the like. Exanples of such pharmaceutically acceptable salts 
thus are the sulfate, pyrosulfate, bisulfate, sulfite, 
bisulfite, phosphate, monohydrogenphosphate, 
35 dihydrogenphosphate, metaphosphate, pyrophosphate, chloride, 
bromide, iodide, acetate, propionate, decanoate, caprylate, 
acrylate, formate, isobutyrate, caproate, heptanoate. 
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propiolate, oxalate, malonate, succinate, suberate, sebacate, 
fumarate, maleate, butyne-1, 4-dioate, hexyne-1, 6-dioate, 
benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate, 
hydroxybenzoate, methoxybenzoate, phthalate, sulfonate, 
5 xylenesulfonate, phenylacetate, phenylpropionate, 

phenylbutyrate, citrate, lactate, gairana-hydroxybutyrate, 
glycollate , tartrate , methanesulfonate, propanesulf onate , 
naphthalene-l-sulfonate, naphthalene- 2 -sulfonate, mandelate, 
and the like. Preferred pharmaceutical ly acceptable acid 

10 addition salts include those formed with mineral acids such 
as hydrochloric acid, hydrobromic acid and sulfuric acid. 

If not commercially available, the necessary 
starting materials for the preparation of a compoimd of 
formula I may be prepared by procedures which are selected 

15 from standard techniques of organic chemistry, including 

aromatic and heteroaromatic substitution and transformation, 
from techniques which are analogous to the syntheses of 
known, structurally similar compounds, and techniques which 
are analogous to the above described procedures or procedures 

20 described in the Examples. It will be clear to one skilled 
in the art that a variety of sequences is available for the 
preparation of the starting materials. Starting materials 
which are novel provide another aspect of the invention. 

As noted above in procedure (B) , an intermediate 

25 alcohol of formula II may be obtained by reduction of a 

corresponding ketone of formula I. In addition, an alcohol 
of formula II may be obtained by condensation of an 
organolithium compound of formula IX with a corresponding 
aldehyde of formula XX 

30 

H-C { O ) -X^ - ( CH2 ) q- ( CHR^ -CHR^ ) r-NRCRd xx 

using a procedure similar to that described in procedure (Q) 
or by condensing an organolithium compound of formula XVTII 
35 with a corresponding aldehyde of formula XXI 
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CHO 

X 

A2-x2-(CH2)j-(CHR2)„-(CH2)„-NR*Rb 

using a procedure similar to that described in procedure (R) , 
particularly when j and k are both 0. 

An intermediate of formula III may be prepared by 
5 any of a number of known procedures. A preferred method for 
a compound of formula III in which A is S, particularly when 
j and k are both 0, is the cross coupling of a boronic acid 
of formula XXII 




XXII 



10 with a reagent of formula XXIII 

X-a2«x2« ( CH2 ) j - (CHR2 ) (CH2 ) in"NRaRb XXIII 

in which X is, for example, brcano, iodo or trif luoromethane- 

15 sulfonate, for example as described in Examples 1, 2, 4 and 
16. For preparation of a compound of formula III in which A 
is 0, a preferred method is a copper mediated cross coupling 
of a compound of formula XXIII and a 2-metalated benzofuran, 
such as described in Example 119, Part A. It may be preferred, 

20 to cross couple a species in vdiich the side chain is not fully 
elaborated, then to cojinplete the elaboration, for example as 
described in Exainple 14 and in Example 119. 

Starting material acids of formula TV may be 
prepared by a number of standard procedures, a number of 

25 which are described in the Examples. 

Starting material enol phosphates of formula V may 
be prepared and used by methods similar to those described in 
Jones et al., J. Med. Chem. {1992), 1S(5) , 931-938; and the 
corresponding reagents of formula VI may be obtained by 

30 conventional methods from bromides of formula XXIII in which 
X is bromo. 
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A starting material iodide of formula VII in which 
A is S may be prepared in a manner similar to that described 
in Exanple 11, parts A and B, and the boronic acid of formula 
VIII may be obtained from a compoiind of formula XXIII using a 
5 procedure similar to that of Example 11, part C. 

An organolithium compound of formula IX may be 
prepared by transmetallation of the corresponding bromide, 
which itself may be obtained by bromination of the compound 
corresponding to formula IX, but with hydrogen in the place 

10 of lithium. For a compound in which A is S, the procedure 
may be carried out in a manner similar to that described in 
Example 10, parts A and B. 

A starting material of formula XI in which X^ is O 
or S may be obtained by deprotection of X^ of a corresponding 

15 compound in which X^ bears a protecting group. When x^ is O, 
it may be protected as a silyl ether, as described in 
Exanple 29, or as a methyl ether as described in several of 
the examples and cleaved by a variety of methods including by 
using pyridine hydrochloride (Example 5) , aluminum chloride 

20 and ethanethiol (Examples 9, 13, 15, 17, 18, 24, 26 and 28, 
part C) , or boron tribromide (see below) . 

A starting material of formula XIII in which X^ is 
O or S may be obtained by deprotection of X^ of a 
corresponding compound in which X^ bears a protecting group. 

25 For exanqple, when X^ is O, it may be protected as a methyl 
ether and liberated by treatment with sodium thioethoxide 
(Example 28, part A), aluminum chloride and ethanethiol, or 
pyridine hydrochloride, depending upon the groups present in 
other parts of the molecule. 

30 A starting material of formula XV in which x2 and 

x3 are O or S may be obtained by deprotection of X^ and of 
a corresponding compound in which x2 and X^ bear protecting 
groups. For exanple, when x2 and X^ are both O, they may 
both be protected as methyl ethers and simultaneously 

35 deprotected by treatment with alxxminum chloride and ethane- 
thiol (Example 3) with boron tribromide (Examples 8 and 10) 
or with pyridine hydrochloride (Examples 11 and 12) . 
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A starting material compound of foirmula XXV 
typically is prepared by acylation of a compound of formula 
XXIV 

5 with an activated derivative of an acid of formula VI, 

conveniently the acid chloride, for example as described in 
Example 39, Part B. 

Selective methods of protection and deprotection are 
well known in the art for preparation of compounds such as those 
10 of formula XI, XIII and XV discussed above. Selective methods 

for cleavage of methyl ethers, as described in the examples, are 
discussed in Jones, et al., J. Med, Chem. . (1984), 27, 1057- 
1066- For example, the diether 3- {4-methoxybenzoyl) - 

2- (4-methoxyphenyl)benzo[Jb] thiophene described at Exanple 3, 

15 part B, may be treated with boron tribromide in dichloromethane 
at -10 ''C (1 hour) to afford the monoether 2- (4-hydroxyphenyl) - 

3- (4-methoxybenzoyl)benzo[b] thiophene, whereas treatment with 
sodium thioethoxide (Example 28, part A) affords the isomeric 
monoether 3- (4'-hydro3qrbenzoyl) -2- (4-methoxyphenyl)benzo[b] - 

20 thiophene. Treatment with boron tribromide under less mild 

conditions (0**, 6 hours, see Example 8, part C) or with aluminum 
chloride and ethanethiol cleaves both ethers (Example 3, 
part C) . 

The compounds of the invention are isolated best in 
25 the form of acid addition salts. Salts of the compounds of 
formula I formed with acids such as those mentioned above are 
useful as pharmaceutical ly acceptable salts for 
administration of the antithrombotic agents and for 
preparation of formulations of these agents. Other acid 
30 addition salts may be prepared and used in the isolation and 
purification of the compounds. 

As noted cibove, the optically active isomers and 
diastereomers of the compounds of formula I are also 
considered part of this invention. Such optically active 
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isomers may be prepared from their respective optically 
active precursors by the procedures described above, or by 
resolving the racemic mixtures. This resolution can be 
carried out lay derivatization with a chiral reagent followed 
5 by chromatography or by repeated crystallization. Removal of 
the chiral auxiliary by standard methods affords 
substcintially optically pure isomers of the conpounds of the 
present invention or their precursors. Further details 
regarding resolutions can be obtained in Jacques, et al., 
10 Enantiomers. Racemates. and Resolutions. John Wiley & Sons, 
1981. 

The compo\inds of the invention are believed to 
selectively inhibit thrombin over other proteinases and 
nonenzyme proteins involved in. blood coagulation without 

15 appreciable interference with the body's natural clot lysing 
ability {the compounds have a low inhibitoiry effect on 
fibrinolysis) . Further, such selectivity is believed to 
permit use with thrombolytic agents without substantial 
interference with thrombolysis and fibrinolysis. 

20 The invention in one of its aspects provides a 

method of inhibiting thrombin in mammals comprising 
administering to a mammal in need of treatment an effective 
(thrombin inhibiting) dose of a compound of formula I. 

In another of its aspects, the invention provides a 

25 method of treating a thromboembolic disorder coirprising 

administering to a mammal in need of treatment an effective 
(thromboembolic disorder therapeutic and/or prophylactic 
amount) dose of a compound of formula I. 

The invention in another of its aspects provides a 

30 method of inhibiting coagulation in mammals comprising 

administering to a mammal in need of treatment aji effective 
(coagulation inhibiting) dose of a compound of formula i. 

The thrombin inhibition, coagulation inhibition and 
thromboembolic disorder treatment contemplated by the present 

35 method includes both medical therapeutic and/or prophylactic 
treatment as appropriate. 
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In a further embcxiiment the invention relates to 
treatment, in a hiunan or animal, of conditions where 
inhibition of thrombin is required. The compounds of the 
invention are expected to be useful in animals , including 

5 man, in treatment or prophylaxis of thrombosis and 

hypercoagulability in blood and tissues. Disorders in which 
the confounds have a potential utility are in treatment or 
prophylaxis of thrombosis and hypercoagulability in blood and 
tissues. Disorders in which the compounds have a potential 

10 utility, in treatment and/or prophylaxis, include venous 

thrombosis and pulmonary embolism, cirterial thrombosis, such 
as in myocardial ischemia, myocardial infarction, unstable 
angina, thrombosis -based stroke and peripheral arterial 
thrombosis. Further, the compounds have expected utility in 

15 the treatment or prophylaxis of atherosclerotic disorders 
(diseases) such as coronary eurterial disease, cerebral 
arterial disease and peripheral arterial disease. Further, 
the conpounds are e3<pected to be useful together with 
thrombolytics in myocardial infarction. Further, the 

20 compounds have expected utility in prophylaxis for 

reocclusion after thrombolysis, percutaneous transluminal 
angioplasty (PTCA) and coronary bypass operations. Further, 
the compounds have expected utility in prevention of 
rethrombosis after microsurgery. Ftirther, the compounds are 

25 expected to be useful in anticoagulant treatment in 
connection with artificial organs and cardiac valves . 
Further, the confounds have expected utility in cmticoagulant 
treatment in hemodialysis and disseminated intravascular 
coagulation. A further expected utility is in rinsing of 

30 catheters and mechanical devices used in patients in vivo, 

and as an anticoagulant for preservation of blood, plasma and 
other blood products in vitro. Still further, the compounds 
have expected utility in other diseases where blood 
coagulation could be a fundamental contributing process or a 

35 souurce of secondaary pathology, such as cancer, including 

metastasis, inflammatory diseases, including arthritis, and 
diabetes- The anti-coagulant compound is administered orally 
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or parenterally, e.g. by intravenous infusion (iv) , 
intramuscular injection (im) or subcutaneous ly (so) . 

The specific dose of a coinpound administered 
according to this invention to obtain therapeutic and/or 
5 prophylactic effects will, of course, be determined by the 
particular circumstances surrounding the case, including, for 
example, the compound administered, the rate of 
administration, the route of administration, and the 
condition being treated. 

10 A typical daily dose for each of the above 

utilities is between about 0.01 mg/kg and about 1000 mg/kg. 
The dose regimen may vary e.g. for prophylactic use a single 
daily dose may be administered or multiple doses such as 3 or 
5 times daily may be appropriate- In critical care 

15 situations a conpound of the invention is administered by iv 
infusion at a rate between about 0.01 mg/kg/h and about 20 
mg/kg/h and preferably between about 0*1 mg/kg/h and about 5 
mg/kg/h. 

The method of this invention also is practiced in 
20 conjunction with a clot lysing agent e.g. tissue plasminogen 
activator (t-PA) , modified t-PA, streptokinase or urokinase, 
in cases when clot formation has occurred and an artery or 
vein is blocked, either partially or totally, a clot lysing 
agent is usually employed. A compound of the invention can 
25 be administered prior to or along with the lysing agent or 

subsequent to its use, and preferably further is administered 
along with aspirin to prevent the reoccurrence of clot 
formation . 

The method of this invention is also practiced in 
30 conjunction with a platelet glycoprotein receptor (Ilb/IIIa) 
antagonist, that inhibits platelet aggregation. A compound 
of the invention can be administered prior to or along with 
the lib/ Ilia antagonist or subsequent to its use to prevent 
the occurrence or reoccurrence of clot formation, 
35 The method of this invention is also practiced in 

conjunction with aspirin. A compound of the invention can be 
administered prior to or along with aspirin or subsequent to 
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its use to prevent the occurrence or reoccurrence of clot 
formation- As stated above, preferably a coirpound of the 
present invention is administered in conjunction with a clot 
lysing agent ctnd aspirin. 
5 This invention also provides phamaceutical 

formulations for use in the above described therapeutic 
method. Pharmaceutical formulations of the invention 
comprise an effective thrombin inhibiting amount of a 
compound of formula I in association with a pharmaceutically 

10 acceptable carrier, excipient or diluent. For oral 

administration the antithrombotic compound is formulated in 
gelatin capsules or tablets which may contain excipients such 
as binders, lubricants, disintegration agents and the like. 
For parenteral administration the cintithrombotic is 

15 formulated in a pharmaceutically acceptable diluent e.g. 
physiological saline {0.9 percent), 5 percent dextrose. 
Ringer's solution cind the like. 

The conpound of the present invention can be 
formulated in unit dosage formulations coitprising a dose 

20 between about 0.1 mg and about 1000 mg* Preferably the 

compound is in the form of a pharmaceutically acceptable salt 
such as for example the sulfate salt, acetate salt_or a 
phosphate salt. An example of a unit dosage formulation 
comprises 5 mg of a compound of the present invention as a 

25 pharmaceutically acceptable salt in a 10 ml sterile glass 
ampoule. Another example of a unit dosage formulation 
comprises about 10 mg of a compound of the present invention 
as a pharmaceutically acceptable salt in 20 ml of isotonic 
saline contained in a sterile ampoule. 

30 The compounds can be administered by a variety of 

routes including oral, rectal, transdermal, subcutauieous, 
intravenous, intramuscular, and intranasal. The compounds of 
the present invention are preferably formulated prior to 
administration. Another embodiment of the present invention 

35 is a pharmaceutical formulation conprising an effective 

amount of a novel compound of formula I or a pharmaceutically 
acceptable salt or solvate thereof in association with a 
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pharmaceutically acceptable carrier, diluent or excipient 
therefor. 

The active ingredient in such formulations 
comprises from 0.1 percent to 99.9 percent by weight of the 
5 formulation. By "pharmaceutically acceptable" it is meant 
the ccirrier, diluent or excipient must be conpatible with the 
other ingredients of the formulation and not deleterious to 
the recipient thereof. 

The present pharmaceutical formulations are 

10 prepared by known procedures using well known and readily 
available ingredients. , The compositions of this invention 
may be formulated so as to provide quicks sustained, or 
delayed release of the active ingredient after administration 
to the patient by employing procedures well known in the art. 

15 In making the conqpositions of the present invention, the 

active ingredient will usually be admixed with a carrier, or 
diluted by a carrier, or enclosed within a carrier which may 
be in the form of a capsule, sachet, paper or other 
container. When the carrier serves as a diluent, it may be a 

20 solid, semi-solid or liquid material which acts as a vehicle, 
excipient or medium for the active ingredient. Thus, the 
compositions can be in the form of tablets, pills, powders, 
lozenges, sachets, cachets, elixirs, suspensions, emulsions, 
solutions, syrups, aerosols, (as a solid or in a liquid 

25 medium), soft cuid hard gelatin capsules, suppositories, 

sterile injectable solutions, sterile packaged powders, and 
the like. 

The following formulation examples are illustrative 
only and are not intended to limit the scope of the invention 
30 in any way. "Active ingredient," of course, means a compound 
according to Formula I or a pharmaceutically acceptable salt 
or solvate thereof. 

Formulation 1 : Hard gelatin capsules are prepared 
using the following ingredients: 
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Quantity 
(ma /capsule) 

Active ingredient 250 
Starch, dried 200 
Magnesium stearate -IQ- 
Total 460 mg 

Fnrmulation 2 : A tablet is prepared using the 

ingredients below: 

Quantity 
(ma/tablet) 

Active ingredient 250 
Cellulose, microcrystalline 400 
Silicon dioxide, fumed , 10 

Stearic acid — S 
Total 665 mg 

The conqponents are blended and conpressed to form tablets 
each weighing 665 mg. 
5 Formulation 3 ; An aerosol solution is prepared 

containing the following components: 

Weight . 

Active ingredient 0.25 
Ethanol 25.75 
Propellant 22 (Chlorodif luoromethane) ^Q.OO 
Total 100.00 
The active conpound is mixed with ethainol and the mixture 
added to a portion of the propellant 22, cooled to -30 **C and 
transferred to a filling device. The required amotint is then 
10 fed to a stainless steel container and diluted with the 

remainder of the propellant. The valve units are then fitted 
to the container. 

Formulation 4 : Tablets, each containing 60 mg of 

active ingredient, are made as follows: 

Active ingredient . 60 mg 

Starch 45 mg 

Microcrystalline cellulose 35 mg 

Polyvinylpyrrolidone (as 10 % solution in water) 4 mg 
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Sodium carboxymethyl starch 4.5 ing 

Magnesium stearate 0.5 mg 

Talc 1 ma 

Total 150 mg 



The active ingredient, starch and cellulose are passed 
through a No. 45 mesh U.S. sieve and mixed thoroughly. The 
aqueous solution containing polyvinylpyrrolidone is mixed 
with the resultant powder, and the mixture then is passed 
5 through a No. 14 mesh U.S. sieve. The granules so produced 
are dried at 50 **C and passed through a No. 18 mesh U.S. 
Sieve. The sodium carboxymethyl starch, magnesium stearate 
and talc, previously passed through a No. 60 mesh U.S. sieve, 
are then added to the grainules which, after mixing, are 
10 compressed on a tablet machine to yield tablets each weighing 
150 mg. 

Formulation 5 ; Capsules, each containing 80 mg of 
active ingredient, are made as follows: 



Active ingredient 80 mg 

Starch 59 mg 

Microcrystalline cellulose 59 mg 

Magnesiiun stearate 2 ma 

Total 200 mg 



The active ingredient, cellulose, starch, and 
15 magnesium stearate are blended, passed through a No. 45 mesh 
U.S. sieve, and filled into hard gelatin capsules in 200 mg 
quantities. 

Formulation 6 : Suppositories, each containing 
225 mg of active ingredient, are made as follows; 
Active ingredient 225 mg 

Saturated fatty acid glycerides 2,000 ma 

Total 2,225 mg 

20 The active ingredient is passed through a No. 60 

mesh U.S. sieve cuid suspended in the saturated fatty acid 
glycerides previously melted using the minimum heat 
necessary. The mixture is then poured into a suppository 
mold of nominal 2 g capacity and allowed to cool. 
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Fomulation 7 : Suspensions, each containing 50 mg . 
of active ingredient per 5 ml dose, are made as follows: 



Active ingredient 50 mg 

Sodium carbosQonethyl cellulose 50 mg 

Syrup 1.25 ml 

Benzoic acid solution 0.10 ml 

Flavor q-v. 

Color q.v. 

Purified water to total 5 ml 



The active ingredient is passed through a No. 45 
mesh U.S. sieve and mixed with the sodium carboxymethyl 
5 cellulose and syrup to form a smooth paste. The benzoic acid 
solution / flavor and color are diluted with a portion of the 
water and added, with stirring. Sufficient water is then 
added to produce the required volume. 

Formulation 8 : An intravenous formulation may be 
10 prepared as follows: 

Active ingredient 100 mg 

Isotonic saline 1,000 ml 

The solution of the above ingredients generally is 
administered intravenously to a sxabject at a rate of 1 ml per 
minute. 

The ability of the confounds of the present 
15 invention to be an effective, and orally active thrombin 
inhibitor are evalxiated in one or more of the following 
assays . 

The compounds provided by the invention (formula I) 
selectively inhibit the action of thrombin in mammals. The 

20 inhibition of thrombin is demonstrated by in vitro inhibition 
of the amidase activity of thrombin as measured in an assay 
in which thrombin hydrolyzes the chromogenic substrate, 
N-benzoyl-L-phenylalanyl-L-valyl-L-arginyl-p-nitroanilide, 
N-benzoy 1 -L- Phe-^L- Val -L-Arg-p-ni t roani 1 ide . 

25 The assay is carried out by mixing 50 \il buffer 

(0.03M Tris, 0.15M NaCl, pH 7,4) with 25 Jil of human thrombin 
solution (purified human thrombin. Enzyme Research 
Laboratories, South Bend, Indiana, at 8 NIH units /ml) and 25 
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\il of test compound in a solvent (50% aqueous methanol 
(v:v))* Then 150 ^ll of an aqueous solution of the 
chromogenic sxibstate (at 0.25 mg/ml) are added and the rates 
of hydrolysis of the substrate are measured by monitoring the 
5 reactions at 405 nm for the release of p-nitroaniline. 

Standard curves are constructed by plotting free thrombin 
concentration against hydrolysis rate. The hydrolysis rates 
observed with test compounds are then converted to ''free 
thrombin* values in the respective assays by use of the 

10 standard curves. The bound thrombin (bound to test compound) 
is calculated by subtracting the amount of free thrombin 
observed in each assay from the known initial amount of 
thrombin used in the assay. The amount of free inhibitor in 
each assay is calculated by siabtracting the nxjuhber of moles 

15 of bo\ind thrombin from the number of moles of added inhibitor 

(test compoiand) . 

The Kass value is the hypothetical equilibrixam 

constant for the reaction between thrombin and the test 

compound (I) . 

Thrombin + I ^Thrombin- 1 



Kass= CThrombin-I] 
2Q [(Thrombin) x (1)1 

Kass is calculated for a range of concentrations of 
test compoxinds and the mean value reported in units of liter per 
mole. In general, a thrombin inhibiting compound of formula I 
of the instant insertion exhibits a Kass of 0,03 X 10^ L/mole or 

25 much greater. For example, the compound of Example 3 was found 
to have a Kass of 5.0 X 10^ L/mole, and the compound of Example 
164 was found to have a Kass of 526 X 10^ L/mole. 

By substantially following the procedures described 
above for humcui thrpxnbin^ and using other human blood 

30 coagulation system serine proteases and using fibrinolytic 
system serine proteases, with the appropriate chromogenic 
siibstrates, identified below, the selectivity of the 
compoiands of the present invention with respect to the 
coagulation factor serine proteases and to the f ibronolytic 
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serine proteases are evaluated as well as their sxibstantial 
lack of interference with human plasma clot fibrinolysis. 

Human factors X, Xa, IXa, Xla, and Xlla are 
purchased from Enzyme Research Laboratories, South Bend, 
5 Indiana; human urokinase from Leo Pharmaceuticals, Denmark; 
and recombinant activated Protein C (aPC) is prepared at Eli 
Lilly and Co. substantially according to U.S. Patent 
4,981,952. Chromogenic substrates: N-Benzoyl-Ile-Glu-Gly- 
Arg-p-nitroanilide (for factor Xa) ; N-Cbz-D-Arg-Gly-Arg-p- 
10 nitroanilide (for factor IXa assay as the factor Xa 

substrate); Pyroglutamyl-Pro-Arg-p-nitroanilide (for Factor 
XIa and for aPC) ; H-D-Pro-Phe-Arg-p-nitroanilide (for factor 
Xlla); and Pyroglutamyl-Gly-Arg-p-nitroanilide (for 
urokinase) ; are purchased from Kabi Vitrum, Stockholm, 
15 Sweden, or from Midwest Biotech, Fishers, Indiana. Bovine 

trypsin is pirrchased from Worthington Biochemicals, Freehold, 
New Jersey, and human plasma kallikrein from Kabi Vitrum, 
Stockholm, Sweden. Chromogenic substrate H-D-Pro-Phe-Arg-p- 
nitroanilide for plasma kallikrein is purchased from Kabi 
20 Vitrum, Stockholm, Sweden. N-Benzoyl-Phe-Val-Arg-p- 
nitroanilide, the substrate for human thrombin and for 
trypsin, is synthesized according to procedures described 
above for the coiipounds of the present invention, using known 
methods of peptide coupling from commercially available 
25 reactants, or purchased from Midwest Biotech, Fishers, 
Indiana . 

Human plasmin is purchased from Boehringer 
Mannheim, Indianapolis, Indiana; nt-PA is purchased as single 
chain activity reference from American Diagnostica, 

30 Greenwich, Connecticut; modi fied-t -PAG {mt-PA6) is prepared 
at Eli Lilly and Conpany by procedure known in the art (See, 
Burck, et al., J. Biol. Chem, . 2£Sl. 5120-5177 (1990). 
Plasmin chromogenic substrate H-D-Val-Leu-Lys-p-nitroanilide 
and tissue plasminogen activator {t--PA) substrate H-D-Ile- 

35 Pro-Arg-p-nitroanilide are purchased from Kabi Vitrum, 
Stockholm , Sweden . 
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In the chromogenic substrates described above the 
three-letter symbols lie, Glu, Gly, Pro, Arg, Phe, Val, Leu 
and Lys are used to indicate the corresponding amino acid 
group isoleucine, glutamic acid, glycine, proline, arginine, 
phenylalanine, valine, leucine and lysine, respectively. 

Thrombin inhibitors preferably should spare 
fibrinolysis induced by urokinase, tissue plasminogen 
activator (t-PA) and steptokinase. This would be important 
to the therapeutic use of such agents as an adjunct to 
streptokinase, t-PA or urokinase thrombolytic therapy and to 
the use of such agents as an endogenous f ibrinolysis-sparing 
(with respect to t-PA and urokinase) antithrombotic agents. 
In addition to the lack of interference with the amidase 
activity of the fibrinolytic proteases, such fibrinolytic 
system sparing can be studied by the use of human plasma 
clots and their lysis by the respective fibrinolytic 
plasminogen activators. 

Dog plasma is obtained from conscious mixed-breed hounds 
(either sex Hazelton-LRE, Kalamazoo, Michigan, U.S.A, ) by 
venipuncture into 3.8 percent citrate. Fibrinogen is 
prepared from fresh dog plasma and human fibrinogen is 
prepared from in-date ACD human blood at the fraction 1-2 
according to previous procedures and specif ications« Smith, 
Biochem. J> . Ifi^, 1-11 (1980); and Smith, et al.. 
Biochemistry . H, 2958-2967, (1972). Human fibrinogen (98 
percent pure/plasmin free) is from American Diagnostica, ^ 
Greenwich, Connecticut. Radiolabeling of fibrinogen 1-2 
preparations is performed as previously reported. Smith, et 
al.. Biochemistry . JLl, 2958-2967, (1972) . Urokinase is 
purchased from Leo Pharmaceuticals, Denmark, as 2200 Ploug 
units /vial. Streptokinase is purchased from Hoechst-Roussel 
Pharmaceuticals, Somerville, New Jersey. 



wo 97/25033 



PCT/US96/17995 



^49- 

MP^t-h ^^fi - Effects on Lvs ifl of Human Plasma Clotfi: bv t-PA 
Human plasma clots are formed in micro test tubes by adding 
50 JIL thrombin (73 NIK unit/mL) to 100 pJU human plasma which 
contains 0.0229 jlCi 125-iodine labeled fibrinogen. Clot 
5 lysis is studied by overlaying the clots with 50 JlL of 
urokinase or streptokinase (50, 100, or 1000 unit/mL) and 
incubating for 20 hours at room teirperature . After 
incubation the tubes are centrifuged in a Beckman Microfuge. 
25 flL of supernate is added into 1.0 mL volume of 0.03 M 

10 tris/0.15 M NaCl buffer for gamma counting. Counting 

controls 100 percent lysis are obtained by omitting thrombin 
(and substituting buffer) . The thrombin inhibitors are 
evaluated for possible interference with fibrinolysis by 
including the conqpounds in the overlay solutions at 1, 5, and 

15 10 |ig/mL concentrations. Rough approximations of IC50 values 
are estimated by linear extrapolations from data points to a 
value which would represent 50 percent of lysis for that 
particular concentration of fibrinolytic agent. 

20 Anticoacm lant Activitv 
Mat^ri^lS 

Dog plasma and rat' plasma are obtained from conscious mixed- 
breed hounds (either sex, hazelton-LRE, Kalamazoo, Michigan, 
U.S.A.) or from anesthetized male Sprague-Dawley rats (Harlan 

2 5 Sprague-Dawley , Inc . , mdianapol is , Indiana , U.S.A.) by 
venipuncture into 3.8 x>ercent citrate. Fibrinogen is 
prepared from in-date ACD human blood as the fraction 1-2 
according to previous procedures and specifications. Smith, 
Biochem. J. . 185 , 1-11 (1980); and Smith, et al., 

30 Biochemistry , H, 2958-2967 (1972) . Human fibrinogen is also 
purchased as 98 percent pure/plasmin free from Americcin 
Diagnostica, Greenwich, Connecticut. Coagulation reagents 
Actin, Thromboplastin, Innovin and Human plasma are from 
Baxter Healthcare Corp., Dade Division, Miami, Florida. 

35 Bovine thrombin from Parke-Davis (Detroit, Michigan) is used 
for coagulation assays in plasma. 
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Methods 

Coagulation assay procedures are as previously described, 
smith, et al.. Thrombosis Research . 50. 163-174 (1988). A 
5 CoAScreeher coagulation instnament (American LABor, Inc.) is 
used for all coagulation assay measurements. The prothrombin 
time (PT) is measured by adding 0.05 mL saline and 0.05 mL 
Thromboplastin-C reagent or recombinant human tissue factor 
reagent (Innovin) to 0,05 mL test plasma. The activated 

10 partial thromboplastin time (APTT) is measured by incubation 
of 0.05 mL test plasma with 0.05 mL Actin reagent for 120 
seconds followed by 0.05 mL CaCl2 (0.02 M) . The thrombin 
time (TT) is measured by adding 0.05 mL saline and 0.05 mL 
thrombin (10 NIH units /mL) to 0.05 mL test plasma. The 

15 compounds of formula I are added to hurosm or animal plasma 

over a wide range of concentrations to determine prolongation 
effects on the APTT, PT, and TT assays. Linear 
extrapolations are performed to estimate the concentrations 
required to double the clotting time for each assay. For 

20 preferred compounds of the instant invention, a concentration 
of 30 ng/mL or less typically is sufficient to double the TT. 

Male Sprague Dawley rats (350-425 gm, Harlan Sprague Dawley 
25 Inc., Indianapolis, IN) cu:e anesthetized with 3^1azine (20 

mg/kg, s.c.) and Icetamine (120 mg/kg, s.c.) and maintained on 
a heated water blanket (37 ®C) . The jugular vein(s) is 
cannulated to allow for infusions. 

30 Arterio-Venous shunt model 

The left jugular vein and right carotid artery are cannulated 
with 20 cm lengths of polyethylene PE 60 tubing. A 6 cm 
center section of Isirger tubing {PE 190) with a cotton thread 
(5 cm) in the lumen, is friction fitted between the longer 

35 sections to complete the arterio-venous shunt circuit. Blood 
is circulated through the shunt for 15 mih before the thread 
is carefully removed and weighed. The weight of a wet thread 
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is subtracted from the total weight of the thread and 
thrombus (see J.R- Smith, B£ J PhanoaSOl* 77:29, 1982). In 
this model preferred compounds of the instant invention 
reduce the net clot weight to approximately 25-30% of 
5 control, or even lower, at an i.v. dose of 33.176 pmol/kg/h. 

FeCl 2 model of ^rtr^r^^^ innurv 

The carotid arteries are isolated via a midline ventral 
cervical incision. A thermocouple is placed under each 

10 artery and vessel temperature is recorded continuously on a 
strip chart recorder. A cuff of tubing (0.058 ID x 0.077 OD 
X 4 mm, Baxter Med. Grade Silicone) , cut longitudinally, is 
placed around each carotid directly above the thermocouple. 
FeCl3 hexahydrate is dissolved in water and the concentration 

15 (20 percent) is e3q>ressed in terms of the actual weight of 

FeCl3 only. To injure the artery and induce thrombosis, 2.85 
jlL is pipetted into the cuff to bathe the artery above the 
thermocouple probe. Arterial occlusion is indicated by a 
rapid drop in temperature. The time to occlusion is reported 

20 in minutes and represents the elapsed time between 

application of FeCls and the rapid drop in vessel temperature 
(see K-D. Kurz, Thromb . RfiS-, M:269, 1990). 

Spontaneous thrombolvsis model 

25 Xn vitro data suggests that thrombin inhibitors inhibit 
thrombin and, at higher concentrations, may inhibit other 
serine proteases, such as plasmin and tissue plasminogen 
activator. To assess if the compoxinds inhibit fibrinolysis 
in vivo, the rate of spontaneous thrombolysis is determined 

30 by implanting a labeled whole blood clot into the pulmonary 
circulation. Rat blood (1 mL) is mixed rapidly with bovine 
thrombin (4 iU, Parke Davis) and ^^Sj human Fibrogen (5 ^ici, 
ICN) , immediately drawn, into silastic tubing and incubated at 
37 for 1 hotir. The aged thrombus is expelled from the 

35 tiobing, cut into 1 W segments, washed 3X in normal saline 
and each segment is counted in a gamma counter. A segment 
with known counts is aspirated into a catheter that is 
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subsequently implanted into the jugular vein. The catheter 
tip is advanced to the vicinity of the right atrium and the 
clot is expelled to float into the pulmonary circulation. 
One hour after implant, the heart and lungs are harvested and 
5 coxinted separately. Thrombolysis is eaqpressed as a 
percentage where: 

% Thrombolysis = (in-iected cnm - l ung crm) x 100 

injected cpm 

The fibrinolytic dissolution of the implanted clot occurs 
10 time-dependently (see J. P. Clozel, Cardiovas . Pharmacol . . 
12:520, 1988). 

Coacfulation parameters 

Plasma thrombin time (TT) and activated peirtial 
15 thromboplastin time (APTT) are measured with a fibrometer. 
Blood is sampled from a jugular catheter and collected in 
syringe containing sodiiam citrate (3-8 percent, 1 part to 9 
parts blood). To measure TT, rat plasma (0.1 mL) is mixed 
with saline (0.1 mL) and bovine thrombin (0.1 mL, 30 U/mL in 
20 TRIS buffer; Parke Davis) at 37 °C. For APTT, plasma (0.1 

mL) and APTT solution (0.1 mL, Organon Telcnika) are incubated 
for 5 minutes (37 ""C) and CaCl2 (0,1 mL, 0.025 M) is added to 
start coagulation. Assays are done in duplicate and 
averaged. 

25 

Index of Bioavailability 

For a measure of bioactivity, plasma thrombin time (TT) 
serves as a substitute for the assay of parent compound on 
the assxjmption that obsein^ed increments in TT resulted from 

30 thrombin inhibition by parent only. The time course of the 
effect of the thrombin inhibitor upon TT is determined after 
i.v bolus administration to anesthetized rats and after oral 
treatment of fasted conscious rats. Due to limitations of 
blood volume and the number of points required to determine 

35 the time course from time of treatment to the time when the 
response returns to pretreatment values^ two populations of 
rats are used. Each sample population represents alternating 
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sequential time points. The average TT over the time course 

is used to calculate area under the curve (AUG) . The index 

of bioavailability is calculated by the formula shown below 

and is expressed as percent relative activity. 

The area under the curve (AUG) of the plasma TT 

time course is determined and adjusted for the dose. This 

index of bioavailability is termed "% Relative Activity" and 

is calculated as 

sfcRelativB Activity - ^ x 52S2_i]L_ xlOO 

ADC iv Dose po 



Compounds 

Gompound solutions are prepeured fresh daily in normal saline 
and are injected as a bolus or are infused starting 15 
minutes before and continuing throughout the experimental 
15 perturbation which is 15 minutes in the arteriovenous shunt 
model and 60 minutes in the FeCla model of arterial injury 
and in the spontaneous thrombolysis model. Bolus injection 
volume is 1 mL/kg for i.v., and 5 mL/kg for p.o., and 
infusion volume is 3 mL/hr. 

20 

Statigticg 

Results are eaqpressed as means +/- SEM. One-way analysis of 
variance is used to detect statistically significant 
differences and then Dunnetfs test is applied to determine 
25 which means cure different. Significance level for rejection 
of the null hypothesis of equal means is P<0.05- 

Animals 

Male dogs (Beagles; 18 months - 2 years; 12-13 kg, Marshall 
30 Farms, North Rose, New York 14516) are fasted overnight and 
fed Purina certified Prescription Diet (Purina Mills, St. 
Louis, Missouri) 240 minutes after dosing. Water is 
available ad libitum. The room temperature is maintained 
between 66-74 '^F; 45-50 percent relative humidity; and 
35 lighted from 0600-1800 hours. 
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Pharmacokine tic model. 

Test compound is formulated immediately prior to dosing by 
dissolving in sterile 0.9 percent saline to a 5 mg/mL 
preparation. Dogs cure given a single 2 mg/kg dose of test 
5 compound by oral gavage. Blood samples (4.5 mL) are taken 
from the cephalic vein at 0.25, 0.5, 0.75, 1, 2, 3, 4 and 6 
hours after dosing. Samples are collected in citrated 
Vacutainer tubes and kept on ice prior to reduction to plasma 
by centrifugation. Plasma samples are analyzed by HPLC MS. 

10 Plasma concentration of test compound is recorded and used to 
calculate the pharmacokinetic parameters: elimination rate 
constant, Ke; total clearance, Clt; volume of distribution, 
Vd; time of mcLximum plasma test compound concentration, Tmax; 
maximvun concentration of test compound of Tmax, Cmeuc; plasma 

15 half-life, to. 5; and area under the curve, A.U.C.; fraction of 
test conpound absorbed, F. 

Canine Model of Coronary Artery Thrombosis 

Surgical preparation and instrrmentation of the dogs are as 

20 described in Jackson, et al.. Circulation . 32, 930-940 

(1990) - Mixed-breed hotinds (aged 6-7 months, either sex, 
Hazelton-LRE, Kalamazoo, MI, U.S.A.) are anesthetized with 
sodium pentobarbital (30 mg/kg intravenously, i.v.), 
intubated, and ventilated with room air. Tidal volume and 

25 respiratory rates are adjusted to maintain blood P02# PC02# 

and pH within normal limits. Siabdermal needle electrodes are 
inserted for the recording of a lead II ECG. 

The left jugular vein and common carotid eurtery are isolated 
30 through a left mediolateral neck incision. Arterial blood 
pressure (ABP) is measured continuously with a precalibrated 
Millar transducer (model (MPC-500, Millar Instruments, 
Houston, TX, U.S.A.) inserted into the carotid artery. The 
jugular vein is cannulated for blood sampling during the 
35 experiment. In addition, the femoral veins of both hindlegs 
cure cannulated for administration of test compound. 
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A left thoracotomy is performed at the fifth intercostal 
space « and the heart is suspended in a pericardial cradle. A 
1- to 2 -cm segment of the left circumflex coronary artery 
(LCX) is isolated proximal to the first major diagonal 
5 ventricular branch. A 26-gauge needle-tipped wire anodal 
electrode (Teflon-coated, 30-gauge silverplated copper wire) 
3-4 mm long is inserted into the LCX and placed in contact 
with the intiraal surface of the artery (confirmed at the end 
of the experiment) . The stimulating circuit is completed by 

10 placing the cathode in a subcutaneous (s.c.) site. An 

adjustable plastic occluder is placed around the LCX, over 
the region of the electrode. A precalibrated electromagnetic 
flow probe (Carolina Medical Electronics, King, NC, U.S.A.) 
is placed arotind the LCX proximal to the anode for 

15 measurement of coronary blood flow (CBF) . The occluder is 
adjusted to produce a 40-50 percent inhibition of the 
hyperemic blood flow response observed after 10-s mechanical 
occlusion of the LCX. All hemodynamic and ECG measurements 
are recorded and analyzed with a data acquisition system 

20 (model M3000, Modular Instruments, Malvern, PA. U.S.A.). 

Thrombus Formation and Compound Administration Reoimens 
Electrolytic injury of the intima of the LCX is produced by 
applying 100-JlA direct current (DC) to the anode. The 

25 current is maintained for 60 min and then discontinued 

whether the vessel has occluded or not. Thrombus formation 
proceeds spontaneously until the LCX is totally occluded 
(determined as zero CBF and an increase in the S-T segment) . 
Compound administration is started after the occluding 

30 thrombus is allowed to age for 1 hour. A 2-hour infusion of 
the compounds of the present invention at doses of 0.5 and 1 
mg/kg/hour is begun simultaneously with an infusion of 
thrombolytic agent (e.g. tissue plasminogen activator, 
streptokinase, APSAC) . Reperf usion is followed for 3 hour 

35 after administration of test compound. Reocclusion of 

coronary arteries after successful thrombolysis is defined as 
zero CBF which persisted for > 30 minutes. 
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Hematoloc p/ and template bleeding time determinations 
Whole blood cell counts, hemoglobin, and hematocrit values 
are determined on a 40-^,1 sanple of citrated (3.8 percent) 
5 blood (1 part citrate: 9 parts blood) with a hematology 
analyzer (Cell-Dyn 900, Sequoia-Turner. Mount View, CA, 
U.S.A.). Gingival template bleeding times are determined 
with a Simplate II bleeding time device (Organon Teknika 
Durham, N.C., U.S.A.). The device is used to make 2 

10 horizontal incisions in the gingiva of either the upper or 

lower left jaw of the dog. Each incision is 3 mm wide x 2 mm 
deep. The incisions are made, and a stopwatch is used to 
determine how long bleeding occurs* A cotton swab is used to 
soak up the blood as it oozes from the incision. Template 

15 bleeding time is the time from incision to stoppage of 
bleeding. Bleeding times are taken just before 
administration of test coirpound (0 min) , 60 min into 
infusion, at conclusion of administration of the test 
compound (120 min), and at the end of the experiment. 

20 

All data are analyzed by one-way analysis of variance (ANOVA) 
followed by Student-NetuncUi-Kuels post hoc t test to determine 
the level of signif iccuice. Repeated-measures AI^VA are used 
to determine significant differences between time points 

25 during the esqperiments . Values are determined to be 

statistically different at least at the level of p<0.05. All 
values are mean ± SEM. All studies are conducted in 
accordance with the guiding principles of the American 
Physiological Society. Further details regarding the 

30 procedures are described in Jackson, et al., J. Cardiovasc . 
Biamasiai., (1993), 2i, 587-599, 



The following Examples are provided to further 
describe the invention and are not to be construed as 
35 limitations thereof. 

The abbreviations, symbols and terms used in the 
examples have the following meanings. 
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Ac = acetyl 

AIBN = azobisisobutyronitrile 
Anal. = elemental analysis 
Bu = butyl 
5 n-BxiLi = butyllithium 

calcd ^ calculated 

DIBAL-H = diisobutyl aluminum hydride 

DMF = dimethylformamide 

DMSO = dimethyl sulfoxide 
10 Et = ethyl 

EtOAc = ethyl acetate 

Et3N = triethylamine 

Et20 = diethyl ether 

EtOH = ethanol 
15 EtSH = ethanethiol 

FAB = Fast Atom Bombardment {Mass Spectrascopy) 

FDMS = field desorption mass spectrum 

Hex - hexanes 

HPLC = High Performance Liquid Chromatography 
20 HRMS = high resolution mass spectrum 

i-PrOH = isopropanol 

IR = Infrared Spectrum 

LAH lithium aluminum hydride 

Me = methyl 
25 Mel = methyl iodide 

MeOH = methanol 

MPLC = Medium Pressure Liquid Chromatography 
NBS = N-bromosuccinimide 
NMR = Nuclear Magnetic Resonance 
30 Ph = phenyl 

PPA = polyphosphoric acid 
i-Pr = isopropyl 

Rochelle's Salt = potassium sodium teurtrate 
RPHPLC = Reversed Phase High Performance Liquid 
35 Chromatography 
Si02 - silica gel 
SM = starting material 
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TEA ~ triethylamine 
Temp. = temperature 
TFA = trifluoroacetic acid 
THF = tetrahydrofuran 
5 TIPS = triisopropylsilyl 

TLC = thin layer chromatography 

trifiic acid = trif luoromethanesulfonic acid 

Unless otherwise stated, pH adjustments and work up 
10 are with aqueous acid or base solutions, PrepLC indicates 
preparative liquid chromatography using "Prep Pak (TM) " 
silica cartridges; radial chromatography indicates 
preparative chromatography using a " Chroma totr on (TM) " 
instnunent. 
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Preparation of 6-Hydroxy-2- [4- [2- (l-pyrrolidinyl) - 
ethoxy ] phenyl 1 benzo [Jbl tliiophen-3 -yl 4- [2- ( 1-Pyrro- 
lidinyDethoxy] phenyl Ketone Dioxalate. 



Part A. 6-Methoxybenzo[Jb] thlophene-2-boronic Acid. 



(Graham, S. h., et al. J.^ Med, Chem. 1989, 32, 2548- 
10 2554) (18.13 g, 0.111 mol) in 150 mL of anhydrous THF at -60 
®C was added n-BuLi (76.2 mL, 0.122 mol, 1.6 M solution in 
hexanes), dropwise via syringe. After stirring for 30 min, 
triisopropyl borate (28.2 mL, 0.122 mol) was introduced via 
syringe. The resulting mixture was allowed to gradually warm 
15 to 0 °C and then partitioned between 1.0 N HCl and EtOAc (300 
mL each) . The layers were separated, and the organic phase 
was dried over Na2S04 . Concentration in vacuo produced a 
white solid that was triturated from Et20/hexanes . 
Filtration provided 16.4 g (71%) of 6-methoxybenzo[jb] thio- 
20 phene-2-boronic acid as a white solid. 

^ rap 200 (dec); FDMS 208 (M+; 100); NMR {TMSO-de) 5 8.36 
(br s), 7.86-7.75 (m, 2H) , 7.53 (dd, J= 8,1 and 2.0 Hz, IH) , 
6.98 (m, IH), 3.82 (s, 3H) . 



Part B* 6-Methoxy-2-[4-I2-(l-pyrrolidinyl)ethoxy]-^ 
phenyl ] benzo [Jb] thiophene * 



5 





To a solution of 6-methoxybenzo [Jb] thiophene 



25 
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To a slurry of 6-methoxybenzo [Jb] thiophene-2-boronic acid 
(Example 1, Part A) (6.43 g, 30.9 mmol) in 310 mL of benzene 
was added 1 - ( 2 - ( 4 -bromophenoxy ) ethyl ) pyrrolidine (5.80 mL , 
28.1 mmol). Upon addition the reaction mixture turned to a 
5 yellow homogeneous solution. The reaction flask was then 
covered with aluminum foil to keep out light. To this was 
added 1.07 g (0.92 mmol) of tetrakis (triphenylphosphine) - 
palladiiHn(O) , followed by 30 mL of 2.0 N sodium ceurbonate 
solution- The biphasic mixture was heated at 85 **C for 3 h 

10 with vigorous stirring. The mixture was cooled to 0 and 
175 mL of brine solution was added. The layers were sepa- 
rated and the aqueous layer was extracted with 1.0 L of 
EtOAc. The combined organic layers were dried over MgS04 and 
concentrated under reduced pressure- The residue was 

15 purified by PrepLC (53:35:2 THF-hexanes-TEA) to afford 5.42 g 
(15.3 mmol, 55%) of an off-white solid. 

mp 151-154 NMR (CIX:i3) 5 7.61 (d, J = 8-8 Hz, IH) , 

7.58 (d, *J = 8.8 Hz, 2H) , 7.33 (s, IH) , 7.29 (d, J = 2.3 Hz, 
20 IH) , 6.95 (d, J = 8.7 Hz, 3H) , 4.18 (t, J = 5.9 Hz, 2H) , 3.88 
(s, 3H), 2.97 (t, cT = 5.9 Hz, 2H) , 2.71 (br t, 4H) , 1.85 (m, 
4H) ; FDMS: 353 (M+) ; Anal. Calcd for C21H23NO2S: C, 71.36; 
H, 6.56; N, 3.96. Found: C, 71.58; H, 6.35; N, 3.91. 

25 Part C. 6-MethoKy-2- 14- [2- (l-pyrrolidinyl) - 

ethoxy ] phenyl ] banzo [!>] thlophen- 3 -yl 4 - [ 2 - ( 1-Pyrro- 
lidinyl ) ethoxy] phenyl Ketone Dioxalate • 



A slurry of 600 mg (2.20 mmol) of 4- [2- (l-pyrro- 
30 lidinyl) etho3cy] benzoic acid hydrochloride in 20 mL of 1,2- 
dichloroethane and 2 drops of EMF was treated with 0 . 8 mL 
(11.0 mmol) of SOCI2 and the mixture was heated to mild 



MeO 




2 C2H2O4 
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reflux for 2 h. The clear solution was evaporated in vacuo, 
the residue was re-suspended in 20 rtiL of 1, 2-dichloroethane, 
and the mixture was re-concentrated. The solid was suspended 
in 20 mL of 1, 2-dichloroethane and the mixture cooled to 
5 0 '^C, l-[2-[4-(6-Methoxybenzo[jbJthiophen-2-yl)phenoxy]- 
ethyl] pyrrolidine (part B; 650 mg, 1.97 mmol) was added to 
the acid chloride solution, followed by 2.10 g (15.7 mmol) of 
AICI3 in two portions. The mixture was stirred at 0 ^'C for 
5 h at which time it was carefully poured into 200 mL of a 

10 0 "^C solution of saturated aq NaHCOs- The mixture was 

extracted with EtOAc (4 x 100 mL) . The combined organic ex- 
tracts were dried over K2CO3 and evaporated in vacuo to give 
735 mg of an oil. Purification by radial chromatography 
(Si02; 10% MeOH in CH2CI2) afforded 330 mg (0.58 mmol; 26%) of 

15 the title compound as a viscous oil. A sample of the pure 
product (70 mg; 0.12 mmol) in 5 mL of EtOAc was treated with 
a solution of 25 mg (0.28 mmol; 2.3 eq) of oxalic acid in 3.0 
mL EtOAc. The resulting solid was filtered, dried and 
characterized . 

20 

FEMS 571 (M+l); Anal. Calcd for C34H38N204S-2C2H204-H20: C, 
59.37; H. 5:77; N, 3.64. Foimd: C, 59.67; H, 5.56; N, 3.73.; 

Part D. £4- [2- (1-pyrrolidlnyl) Qthoxy] - 

25 phenyl ]ben20 [1>] thlophen-3-yl 4- [2- (1-Pyrrolidlnyl) - 
etboxy ) phenyl Ketone Dioxalate . 

A 0 solution of 250 mg (0.45 mmol) of 6-methoxy-2- t4- 
[ 2 - ( 1 -pyrrol i diny 1 ) e thoxy ] phenyl ] benz o [ i?] thi ophen - 3 -yl 4 - 1 2 - 
(l-pyrrolidinyl)ethoxy] phenyl ketone (Part C) in 10 mL of 

30 1, 2-dichloroethane was treated with 360 mg (2,7 mmol) of 
AICI3, followed by 0.28 mL (3.8 mmol) of ethanethiol. The 
cold bath was removed and the reaction was stirred at room 
temperature for 10 h. The reaction mixture was poured into 
200mLofal:l mixture of EtOAc and saturated aq NaHCOs with 

35 10 mL NeOH rinse. The two layers were separated and the 
aqueous phase was extracted with EtOAc (3 x 50 mL) . The 
combined EtOAc layers were dried over Na2S04 and evaporated to 
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give 325 mg of an oil. Purification by radial chromatography 
(Si02; gradient of 10% MeOH in CH2CI2 to 20% MeOH and 1% TEA 
in CH2CI2) afforded 130 mg (0.23 iranol, 52%) of an amoiphous 
solid. The solid was converted to the dioxalate salt 
5 according to the conditions outlined in £xaiaple 1, Part C. 

NMR (DMSO-d^) 8 9.77 (s, IH) , 7,63 {dd, J= 8.8, 1.7 Hz, 
2H), 7.31 (d, J = 2.1 Hz, IH) , 7.24 (d, J = 8.7 Hz, 2H) , 7.19 
(s, IH), 6,95-6.79 (m, 5H) 4.05 (t, J= 6.0 Hz, 2H) , 3.98 (t, 
10 J= 5.6 Hz, 2H), 2.78-2.63 (m, 4H) , 2.53-2.37 (m, 8H) 1.66- 
1.57 (m, 8H); FDMS 557 (M+l; 100); Anal. Calcd for: C, 
60.32; H, 5.47; N, 3.80. Found: C, 60.21; H, 5.63; N, 3.69. 

Example 2 

15 Preparation of 1- [2- [4- [ [5-Nethyl-2- [4- [2- (1- 

pyrrol IdinyDethoxy] phenyl Ibenzo [Jb] thiophen-3-yl] - 
nethy 1 ] phenoxy ] ethyl] pyrrolidine Dioxalate • 



The title compound was prepared from 5 --me thy 1 - 
benzo[2>] thiophene as a white solid in 51% yield by 
essentially following the procedure described in Example 1, 
Part A. 




Part A. 



5-Methy Ibenzo [!>) thiophene- 2 -boronic Acid * 



20 




25 



mp > 250 ""C; FDMS: 192 (M^) . 



Part B. 5 -Methyl -2- [4- [2- (1 -pyrrol idinyl)ethoxy] - 
phenyl] benzo [b] thiophene . 
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H3C 




The title conqpoiind was prepared from 5-methyl- 
benzo[b] thiophene-2-boronic acid as a light yellow solid in a 
44% yield by essentially following the procedure described in 
5 Example 1, Part B. 

mp 149.5-151.0 ""C; FDMS 337 (M+; 100); Anal. Calcd for 
C21H23NOS: C, 74.74; H, 6.87; 4.15. Found: C, 74.94; H, 
6.82; N, 4.31- 



Part C • 5-M©thyl-2- [4- [2- (1-pyrrolidinyl) othoacy] - 
phenyl lbonzo[l>lthiophon-3-yl [4- [2- (l-Pyrrolidinyl) - 
ethoxy] phenyl Ketone Dioxalate . 



15 A slurry of 665 mg (2.45 mmol) of 4- [2- (1-pyrro- 

lidinyl)etho3«yl benzoic acid hydrochloride in 20 mL of 1,2- 
dichloroethane and 2 drops of EMF was treated with 0.90 mL 
(12.3 mmol) of SCX:i2 and the mixture was heated to gentle 
refl\2X for 2.5 h. The resulting solution was evaporated in 

20 vacuo, the residue was re-suspended in 20 mL of 1, 2-dichloro- 
ethane, and the mixture was re-concentrated. The solid was 
suspended in 20 mL of 1, 2-dichloroethane and to this was 
added at 0 5-methyl-2-[4-[2-{l-pyrrolidinyl)ethoxy) - 
phenyl ]benzo[b]thiophene (part B; 750 mg, 2.22 mmol). The 

25 reaction was protected from light and 1.2 mL (10.9 mmol) 
TiCl4 was added dropwise. The reaction was stirred at 0 
for 3 h at which time it was quenched by the careful addition 
of 25 mL of saturated aq NaHC03- The mixture was filtered 
through diatomaceous earth, and the two layers were 



10 



H3C 




2 C2H2O4 
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separated. The aqueous layer was extracted with EtOAc (3 x 
100 mL) . The combined organic layers were dried over K2CO3 
and evaporated in vacuo to give 1.34 g of crude product which 
was purified by radial chromatography (Si02; 10% MeOH in 
5 CH2CI2) to afford 980 mg (1.77 mmol; 80%) of the title 

conpound as a viscous oil. A 210 mg sample of this material 
was converted to the dioxalate salt according to the methods 
described in Example 1, Part C. 

10 NMR (DMSO-d^) 5 7,98 (d, J = 8.2 Hz, IH) , 7.75 (d, J = 8.6 

Hz, 2H), 7.40 {d, J = 8.5 Hz, 2H) . 7.34-7.24 (m, 2H) , 7.06- 
6.94 (m, 4H), 4.38-4.21 (m, 4H) , 3.59-3.46 (m, 4H) , 3.36-3,22 
(m, 8H), 2.36 (s, 3H) , 1.98-1.84 (m, 8H) ; FDMS 555 (M+1) ; 645 
(M+91; 100); Anal. Calcd for C34H38N2O3S-2C2H2O4-0.5H2O: C, 

15 61.36; H, 5-83; N, 3.77. Found: C, 61-35; H, 6.04; N, 3.97. 

Part D. l-[2-[4-I[5-Mothyl-2-t4-(2-(l-pyrrolidinyl)- 
ethoacy ] phenyl ]benzo[i>]thlophen- 3 -yl] methyl Iphenoxy] - 
ethyl ] pyrrolidine Dioxalate • 

20 A slurry of 160 mg (4.20 nunol) of LiAlH4 in 20 mL THE at 

0 was treated with a solution of 750 mg (1.35 mmol) of 
5-methyl-2- [4- [2~ (l-pyrrolidinyl) ethoxy] phenyl ]benzo [jb] - 
thiophen-3-yl [ 4- [ 2- ( l~pyrrolidinyl ) ethoxy] phenyl ketone 
(Example 2, Part C) in 10 mL THF. The reaction was stirred 

25 at 0 **C for 2.5 h and was quenched by the sequential addition 
of 6 mL of H2O, 6 mL of 2.0 N aq NaOH, and 6 mL of H2O. The 
mixture was filtered, the THF was evaporated in vacuo, and 
the resulting aqueous phase was extracted with BtQAc (2 x 30 
mL) , The combined organic layers were dried over K2CO3 and 

30 concentrated in vacuo. The residue was taken up in 5 mL of 
trif luoroacetic acid (TFA) and the mixture was cooled to 0 
**C- Sodium borohydride (100 mg; 2.91 mmol) was carefully 
added and the reaction stirred for 2 h. The mixture was 
evaporated in vacuo, the residue was taken up in 100 mL 

35 EtOAc, and the mixture was washed with saturated aq NaHC03 (3 
X 50 mL) . The organic layer was dried over K2CO3 euid 
evaporated in vacuo to give 675 mg of an oil. Purification 
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by radial chromatography (SiOs; 10% MeOH/0.1% TEA in CH2CI2) 
afforded 550 mg of the title ccxnpound as a light yellow oil 
which was converted to the dioxalate salt according the 
methods described in Example 1, Part C. 

5 

1h NMR {TMSO-dg) 5 7.85 (d, J = 8.2 Hz, IH) , 7.48-7.36 (m, 
3H), 7.19 (d, J= 8.2 Hz, IH) . 7.10-6.96 (m, 3H) . 6.91-6.80 
(m, 3H), 4.17 (s, 2H) , 4.11 (t, J= 5.8 Hz, 2H) , 3.98 (t, J = 
5.8 Hz, 2H), 2.81 (t, J = 5.8 Hz, 2H) , 2.75 (t, J = 5.8 Hz, 
10 2H), 2.36 (s, 3H), 2.58-2.44 (m, 8H) , 1.78-1.60 (m, 8H) ; FDMS 
541 (M+1; 100); Anal. Calcd for C34H4oN202S-2C2H204-0.5H20: C, 
62.54; H, 6.21; N, 3.84. Found: C, 62.27; H, 6.16; N, 3.93. 

^' Bxanple 3 

15 Preparation of 1- [2- [4- I [2- 14- [2- (1-Pyrrolidinyl) - 
ethoxy] phenyl] benzo [i>] thiophen- 3 -yl ] methyl] phenoxy ] - 
ethyl ] pyrrolidine Dioxalate . 



2 C2H2O4 



20 



25 




Part A. 2- (4-Methoxyphenyl)benzo [Jb] thiophene . 




OMe 

The title compoiand was prepared in 91% yield from 
benzo [Jb] thiophene-2-boronic acid and 4 -bromoanisole by 
essentially following the procedure detailed Exanple 1, 
Part B. 

ii5> 188-191 *C; NMR (DMSO-d^) 5 7.94 (d, J = 8.0 Hz, IH) , 
7.81 (d, J= 7.0 Hz, IH), 7.73 (m, 2H) . 7.71 (s, IH) , 7.35 
(m, 2H). 7.05 (d. J= 8.0 Hz. 2H) , 3.82 (s, 3H) ; FDMS 240 
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(M+; 100); Anal. Calcd for C21H23NO2S: C, 71.36; H, 6.56; N, 
3.86. Found: C, 71.46; H, 6.60; N, 3.86. 

Part B* 2-(4-Hethoxyplienyl)benzo[i)] tliioplien-3-yl 
5 4-MethoxyphexiyX Ketone* 

OMe 




OMe 

The title con^otind was prepared from 47anisoyl chloride 
and 2-(4-methoxyphenyl)benzo[b] thiophene (Part A) as a tan 
solid in 90% yield' following recrystallization from THF- 
10 hexanes . 

FDMS 375 (M+1; 100) . 

Part C. 2-(4-Hydroxypheiiyl)ben2o[Jbl thiophon-3-yl 
4 -Hydroxypheny 1 Ketone • 




15 - OH 

By essentially following the procedxire outlined in 
Example 1, Part D, the title compoiond was prepared from 2-(4- 
methoxyphenyl ) benzo [ Jb] thiophen-3 -yl 4-methoxyphenyl ketone 
(Part B) as a yellow solid in 93% yield following radial 
20 chromatography (Si02; gradient of 20-40% EtOAc in hexanes) . 

FDMS 347 (M+1; 100); Anal. Calcd for C21H14O3S: C, 72.81; H, 
4.07. Found: 72.57; H, 4.17. 

25 Part D. 2-[4-[2-(l-Pyrrolidinyl)etlioxylphenyllbenzo- 
Ibl thiophe&-3-yl 4- [2- (l-Pyrrolidinyl)ethoxy] phenyl 
Ketone Dioxalafce. 
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2 C2H2O4 



o 



A solution of 300 mg (0.87 inmol) of 2- (4'-hydroxyphenyl) - 
benzolb] thiophen-3-yl 4-hydroxyphenyl ketone (Part C) in 20 
mL of DMF was treated with' 880 mg (5.2 mmol) of l-(2- 
5 chloroethyl) pyrrolidine hydrochloride followed by 2.26 g 

(6.94 mmol) of CS2CO3. The mixture was heated to 80 ^'C for 6 
h at which time it was cooled and filtered. The mother 
liquor was concentrated in vacuo and the residue was 
partitioned between H2O (25 mL) and EtOAc (25 mL) . The two 

10 layers were separated and the aqueous layer was extracted 
with EtOAc (2 X 25 mL) . The combined organic layers were 
dried over K2CO3 and evaporated to give 516 mg of an oil which 
was purified by radial chromatography (Si02; 60:35:5 hexanes- 
THF-TEA) to afford 371 mg (0.69 mmol; 79%) of an oil- The 

15 oil was converted to the dioxalate salt according to the 
procedure detailed in Example 1, Part C. 

FDMS 541 (M+1) , 631 (M+91; 100); Ana:l - Calcd for 
C33H36N2O3S-2C2H2O4'0.1H2O: C, 61.50; H, 5.60; N, 3.88. 
20 Found: C, 61-21; H, 5.60; N, 3,91. 

Part E . 1- [2- [4- t [2- [4- [2- (1-Pyrrolidinyl) ethoxy] - 
phenyl ] benzo [ Jb] thiophen- 3 -^y 1 ] methyl ] phenoxy ] ethyl ] - 
pyrrolidine Dioxalate* 

25 A slurry of 45 mg of LiAlH4 in 10 mL of THF was cooled 

to 0 **C and was treated with a solution of 200 mg (0.37 mmol) 
of 2- [4- [2- (l-pyrrolidinyl) ethoxy] phenyl ]benzo[b] thiophen-3- 
yl 4- [2- (1-pyrrolidinyl) ethoxy] phenyl ketone (Part D) in 5 mL 
of THF. The reaction was stirred at 0 °C for 2 h and was 

30 quenched by the sequential addition of 1 mL of H2O, 1 mL of 2 



wo 97/25033 



PCTAJS96/17995 



-68- 

N aq NaOH, and 1 mL of H2O. The two layers were separated 
and the aqueous layer was extracted with EtOAc (3 x 10 mL) . 
The combined organic layers were washed with 25 mL of brine, 
dried over K2CO3, and evaporated in vacuo. The residue was 
5 taken up in 10 mL of CH2CI21 cooled to 0 °C, and treated with 
0.47 mL (2.94 mmol) of triethylsilane . After stirring at 0 
°C for 6 h, the reaction was treated with 0.3 mL (3.9 mmol) 
of TFA, followed by an additional 16 h of stirring at 0 
The reaction mixture was poured into 10 mL saturated aq 

10 NaHCOs and the two layers were separated. The aqueous layer 
was extracted with CH2CI2 (2 x 10 mL) . The combined organic 
layers were dried over K2CO3 and evaporated in vacuo to give 
233 mg of an oil which was purified by radial chromatography 
(Si02; gradient 2-iO% MeOH in CH2CI2) to afford 158 mg (0.30 

15 mmol; 81%) of the title compoiind as the free base. 

Conversion to the dioxalate salt was effected by the 
procedure detailed in Example 1, Part C. 

% NMR (DMS0-d5) 6 7.99 (d, J = 7,8 Hz, IH) , 7.59 (d, J= 8.5 
20 Hz, IH), 7.50 (d, 8.2 Hz, 2H) , 7.43-7.30 (m, 2H) , 7.14 

(d, J = 8.1 Hz, 2H) . 7.06 (d, J = 8.3 Hz, 2H) , 6.89 (d, J = 
8.1 Hz, 2H), 4.17 (s, 2H), 4.11 (t, J= 5.8 Hz, 2H) , 3.98 (t, 
J = 5.8 Hz, 2H) , 2.81 (t, J = 5.8 Hz, 2H) , 2.75 (t, J = 5.8 
Hz, 2H), 2.36 (s, 3H), 2.58-2.44 (m, 8H) , 1.78-1.60 (m, 8H) ; 
25 FDMS 527 (M+1, 100). 

Example 4 

Preparation of 2- [4- [2- (l-Pyrrolldlnyl) ethoxy] phenyl] 
beiizo[2>] thiophen-3-yl 4- [3- (l-PyrrolidinyDpropoxy] - 
30 phenyl Ketone Dioxalate. 
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. 2 C2H2O4 



part A. 1- [2- [4- (Benzo[i>] thiophen-2-yl)phenoxy] 
ethyl ] pyrrolidine • 




5 By essentially following the procedure detailed in 

Example 1, Part B, the title coirpound was prepared from 
benzolb] thiophene-2-boronic acid and 1- [2- (4-bromophenoxy) - 
ethyl] pyrrolidine in 76% yield as a white solid following 
flash chromatography (Si02; 36:4:60 THF-TEA-hexanes) . 

iO 

FDMS 324 (M+1; 100) . 

Part B • Methyl 4- t 3- ( 1-Pyrrolidinyl ) propoxy] benzoate . 




A solution of 6.25 g (23.8 mmol) of triphenylphosphine, 
3.30 g (21,7 mmol) of methyl 4-hydroxybenzoate, and 2.80 g 
(21.7 mmol) of 1- (3 -hydroxypropyl) pyrrolidine in 100 mL of 
CH2CI2 was treated with 3.80 mL (24.1 mmol) of diethyl 
20 azodicarbo3Qrlate in a dropwise manner. The reaction was 

stirred at arobient temperature for 16 h and was quenched by 
the addition of 20 mL of brine. The two layers were 
separated, and the organic layer was dried over K2CO3 and 
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concentrated to give 6.10 g of an oily solid which was 
purified by flash chromatography (Si02; 0-5% MeOH in CH2CI2) 
to afford 2.46 g (9-34 mmol; 43%) of the desired product. 

5 FDMS 263 (M+; 100); HRMS Calcd for C15H21NO3: 264.1600. 
Found: 264.1609. 

Part C. 4-I3-(l-Pyrrolidinyl)propoxylben2oic Acid 
Hydrochloride • 




A solution of 2.0 g (7.6 mmol) of the methyl 4-[3-(l- 
pyrrolidinyDpropoxyJbenzoate (Part B) in 90 mL of THF was 
treated with 90 inL of 0.1 N aq LiOH for 48 h. The TOP was 
evaporated in vacuo. The aqueous phase was adjusted to pH 11 

15 with 1,0 N aq HCl and was applied to column of Biorad AG1-X8 
Resin (100-200 mesh; acetate form) which had been prewashed 
with 2 L of 2.0 N aq NaOH. The column was sequentially 
eluted with 1 L of H2O, 1 L of 50% THF in H2O, 1 L of H2O and 
2 L of 3-0 N aq AcOH. The acidic fraction was evaporated in 

20 vacuo, the residue was reconstituted in 20 mL of 1.0 N aq HCl 
and the mixture was frozen. Lyophilization afforded 1.50 g 
(3.9 mmol; 51%) of the desired product as a white powder. 

FDMS 249 (M+; 100); Anal. Calcd for Ci4Hi9N03-HCl: C, 58.84; 
25 H, 7.05; N, 4,90. Found: C, 58.58; H, 6.85; N, 5.13. 

Part D. 2- [4- [2- (l-P3rrrolidinyl)othoxy]pbonyl] - 
benzo[l>]t:hiophen-3-yl 4- [3- (l-Pyrrolidlnyl)propoacy3 - 
phenyl Ketone Dioxalate . 

30 The title compound was prepared from 4- [3- (l-pyrro- 

lidinyDpropoxylbenzoic acid hydrochloride (Part C) and l-[2-' 
[4-(benzo[b]thiophen-2-yl)phenoxy]ethyl]pyrrolidine (Part A) 
in 55% yield by essentially following the procedure outlined 
in Example 2, Part C. 
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1h NMR (DMS0-d5) 5 8.^11 (d, J = 7.5 Hz, IH) , 7.74 {d, J = 8.7 
HZ, 2H), 7.48-7.33 (m, 5H) , 7.01 (d, J= 8.8 Hz, 2H) , 6.98 
(d, J = 8.8 Hz, 2H) , 4.30 (t, J = 3.8 Hz, 2H) , 4.11 (t, J = 
5 5.2 Hz, 2H), 3.54 {t, J= 4.2 Hz, 2H) , - 3 .43-3 . 15 (m, 8H) , 

2.18-2.05 (m, 2H) , 2.02-1,85 (m, lOH) ; FDMS 555 (M^l; 100); 
Anal. Calcd for C34H38N203S-2C2H204 : C, 62.11; H, 5.76; N, 
3.81. Found: C, 62.08; H, 5.76; N, 3.84. 

Q Example 5 

Preparation of 2- [4- [2- (l-PyrrplidinyDethoxyl phenyl] - 
benzo tl>l -thiopben-3-yl i- £3- (l-Pyrrolidinyl)propyl] - 
phenyl Ketone Dloxalate. 




2 C2H2O4 



15 Part A. 2- {4-Methoaqrpkettyl)*>«^*o 1*1 thlophen-3-yl 
4- [3- (1-Pyrrolidinyl) propyl! phenyl Ketone. 




By essentially following the procedure outlined in 
Example 2, Part C, the title coirpotind was prepared from 2-(4- 
20 methoxyphenyl)benzo[b]thiophene (Example 3; Part A) and 4-[3- 
(1-pyrrolidinyl) propyl] benzoic acid hydrochloride in 33% 
yield as a viscous oil. 

FDMS 456 (M+1; 100); Anal. Calcd for C29H29NO2S: C, 76.45; H, 
25 6.42; N, 3.07. Found: C, 76.21; H, 6.39; N, 3.14. 
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Part B. 2- (4-Hydro3cyphenyl)benzo[i>] thlophen-S-yl 
4- [3- (l-Pyrrolidliiyl}propyl]phenyl Ketone. 




5 A 100 mL round bottom flask containing 300 mg (0.66 

mmol) of 2- (4-inethoxyphenyl)benzo[jb] thiophen-3-yl 4-[3-(l- 
pyrrolidinyl) propyl] phenyl ketone (Part A) was filled with 20 
g of pyridine hydrochloride. The flask was heated to 160 ^'C 
to melt the solid. After 16 h, the reaction was cooled to 

10 warm temperature, diluted with 50 mL of H2O, and transferred 
to separatory funnel containing 50 mL H2O and 50 mL of EtOAc* 
The two layers were separated eund the aqueous layer was 
extracted with EtOAc (2 x 50 mL) . The combined EtOAc layers 
were dried over Na2S04 and concentrated in vacuo to give 325 

15 mg of a yellow oil. Purification by radial chromatography 

(Si02; gradient of 2-10% MeOH in CH2CI2) afforded 200 mg (0.45 
mmol; 69%) of the title compound as a viscous yellow oil. 

FEMS 441 (M+; 100); Anal. Calcd for C28H27NO2S: C, 76.16; H, 
20 6.16; N, 3.17. Found: C, 76.59; H, 6.27; N, 3.07. 

Part C. 2- [4- [2- (l-Pyrrolidinyl) ethoxylphonyl] - 
benzo[l>]thiophen-3-yl 4- [3- (1-Pyrrolidinyl) propyl] - 
phenyl Ketone Dloxalate. 

By essentially following the procedure outlined in 
Exainple 3, Part D, Che free base of the title compoxind was 
prepared from 2-(4-hydroxyphenyl)benzo[jb] thiophen-3-yl 4-[3- 
(l-pyrrolidinyl)propyl]phenyl ketone (Part B) and l-'(2- 
chloroethyl) pyrrolidine hydrochloride in 36% yield as a 
viscous oil following radial chromatography (Si02; gradient 
of 5-15% MeOH in CH2CI2).- The free base was converted to the 
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dioxalate salt according to the conditions described in. 
Example 1, Part C. 

1h NMR iJMSO-ds) 6 8.12 (d, J = 7.8 Hz, IH) , 7.69 (d, J = 7.9 
5 Hz, 2H), 7.45-7.34 (m, 7H) , 7.30 (d, J= 8.0Hz, 2H) , 6.99 
{d, J= 8.4 Hz, 2H), 4.32-4.21 (m, 2H) , 3.57-3.43 (m, 2H) , 
3.35-3.12 (m, 8H) , 3.07 (t, J= 6.2 Hz, 2H) , 2.66 (t, J= 
6.5 Hz, 2H), 2.04-1.80 (m, lOH) ; FDMS 539 (M+1; 66); Anal. 
Calcd for C34H38N202S-2C2H204: C, 63.50; H, 5.89; N, 3.90. 
10 Found: C, 63.75; H, 6.12; N, 3.85, 

Example 6 

2- [4- 12- (l-Pyrrolidinyl)ethoxylphonyllben2o£bl thio- 
plien-3-yl 4- I (l-Pyrrolldlnyl) methyl] phenyl Ketone 
15 Dioxalate. 



Part A. Methyl 4- [ (l-Pyrrolidinyl)methyllbenzoate* 



20 (21.8 mmol) of 4-carboxybenzyl bromide in 50 mL of DMF was 
treated with 2.10 mL (25.2 mmol) of pyrrolidine at 50 ""C for 
3 h. The reaction mixture was cooled, evaporated in vacuo, 
and the residue was taken up in 50 mL of MeOH. The solution 
was treated with a rapid stream of HCl (g) for 15 min, the 

25 reaction vessel was sealed and the reaction stirred at 

ambient temperature for 16 h. Evaporation of the solvent 
afforded 2.56 g of an oil which was purified by radial 




2 C2H2O4 



O 




A solution of 6.20 mL (44.5 mmol) of TEA and 4.70 g 
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chromatography (Si02; 80:18:2 hexanes-THF-TEA) to afford 2.30 
g (10.5 mmol; 48%) of the title compound as an oil. 

FDMS 219 (M^; 100) 

5 

Part B . 4 - [ ( l-Pyrrolidinyl ) methyl ] benzoic Acid 
Hydrochloride . 



Example 4, Part C; the title compoimd was prepared from 
methyl 4- [ (1-pyrrolidinyl) methyl ]benzoate in 22% yield as a 
white solid following ion exchange chromatography. 

15 FDMS 206 {M+1; 100); Anal. Calcd for C12H15NO2 • HCl . 0,2 H2O: 
C, 58.75; H, 6.74; N, 5.71. Found: C, 58.95; H, 6.56; 



Part C. 2-[4-t2-(l-Pyrrolidinyl)ethoxy]phen*^l]- 
20 benzoCh] thiophen-3-yl 4- [ (1 -Pyrrol idinyl) methyl] phenyl 
Ketone Dloacalate • 

By essentially following the procedure outlined in 
Example 2, Part C, the free base of the title compound was 
prepared from 4- [ (l-pyrrolidinyl) methyl] benzoic acid 
25 hydrochloride {Part B) and l-[2-[4-(benzo[b]thiophen-2- 
yDphenoxy] ethyl] pyrrolidine (Example 4, Part A) in 44% 
yield. The free base was converted to the dioxalate salt 
according to the conditions described in Kxairple 1, Part C. 

30 1h NMR (EMSO-d^) 5 8.10 (dd, J= 6.5, 1.8 . Hz, IH) , 7.68 (d, J" 
= 8.2 Hz. 2H), 7.63 (d, J" = 8.5 Hz, IH) , 7.52-7.36 (m, 4H) , 
7.32 (d, J= 8.7 Hz, 2H) , 6.90 (d, J= 8.7 Hz, 2H) , 4.27-4.15 
(m, 4H), 3.53-3.43 (m, 2H) , 3.34-3.20 (m, 4H) , 3.20-2.94 (m, 
4H), 1.96-1.80 (m, 8H) ; FDMS 510 (M+; 100); Anal. Calcd for 



O 




HCl 



By essentially following the procedure outlined in 



5.54. 
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C32H34N202S-2C2H204: C 62.60; 5.54; N, 4.06. Found: 
62.79; H, 5.56; N, 4.00. 

Example 7 

5 Preparation of 2- [4- 12- (l-Pyrrolidinyl)ethoxy] phenyl] 
benzo [il thiophen-3-yl 4-12- ( 1 -Pyrrol idinyl ) ethyl 1 - 
phenyl Ketone Dioxalate • 



Part A. Methyl 4- [2-(l-Pyrrolidinyl)ethyl]ben2oate. 



By essentially following the procedure detailed in 
Example 6/ Part A, the title cbmpo\ind was prepared from 
4-[2-bromoethyl)benzoic acid and pyrrolidine in 39% yield as 
an oil following radial chromatography (Si02; 89:9:2 hexanes 
15 THF-TEA) . 

FDMS 234 (M+1; 100) 

Part 4-[2-(l-Pyrrolidinyl)ethyllben2oic Acid 

20 Hydrochloride « 




2 C2H2O4 



0 
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By essentially following the procedure outlined in 
Example 4, Part C, the title compound was prepared from 
methyl 4- [2- (l-pyrrolidinyl)ethyllbenzoate (Part A) in 24% 
yield as a white solid following ion exchange chromatography 

5 

FDMS 220 (M+1; 100); Anal- Calcd for Ci3Hi7N02-HCl- O.IH2O; C 
60.63; H, 7.12; N, 5.44. Found: C, 60.48; H, 7.08; N, 5.32 

Part C . 2- [4- [2- (l-Pyrrolidinyl)ethoxyl phenyl] - 
10 benzo[Jb]thiophen-3-yl 4- [2- (1-Pyrrolidinyl) ethyll - 
phenyl Ketone Dioxalate. 

By essentially following the procedure outlined in 
Exairple 2, Part C, the free base of the title compound was 
prepared from 4- [2- (l-pyrrolidinyl)ethyl]benzoic acid 
15 hydrochloride {Part B) and l-[2-[4'-(benzo[i)lthiophen-2- 
yDphenoxy] ethyl] pyrrolidine (Exanple 4, Part A) in 45% 
yield. The free base was converted to the dioxalate salt 
according to the conditions described in Exanple 1, Part C. 

20 Ir NMR (DMSO-d5) 6 8.10 (dd, J ^ 6.4, 2.0 Hz, IH) , 7.72-7.61 
(m, 3H), 7.45-7.39 (m, 4H) , 7.31 (d, J = 8.5 Hz, 2H) , 6.89 
(dr J- = 8.6 Hz, 2H), 4.27-4.04 (m, 4H) , 3.53-3.40 {m, 2H) , 
3.31-3.17 (m, 4H), 3.10-2.92 (m, 2H) , 2.87-2.64 (m, 2H) , 
1.99-1.72 (m, 8H), 1.55-1.40 (m, 2H) ; FDMS 524 (M+; 100); 

25 Anal. Calcd for C33H36N202S-2C2H204: C, 63.06; H, 5.72; N, 
3.97- Found: C, 63.33; H, 5-67; N, 3.90. 

Bxaivle 8 

Preparation of 1- [2- [2-Motliyl-4- [2- [4- [2- ( 1-pyrro- 
30 lidinyl) ethoxy] phenyl Ibonzo tb] thiophen-3-ylmothyl] - 
phanoxy] ethyl] pyrrolidine Dioxalate • 
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5 The title cornpound was prepared in 76% yield from 

2-(4-inethoxyphenyl)]benzo[Jb]thiophene (Exairple 3, Part A) and 
3'-broino-4-methoxybenzoic acid by essentially following the 
procediares detailed in Example 2, Part C. 

10 1h NMR {DMS0-d5) 6 8.12 (d, 1.3 Kz, IK), 7.91 (s, IH) 

7,69 (dd, J = 8.7, 1.8 Hz, IH) , 7.56 (d, J= 8.2 Hz, IH) , 
7.52-7.41 (m, 2H) , 7.37 (d, J= 8.6 Hz, 2H) , 7.05 (d, J= 8.7 
Hz, IH), 6.94 (d, J= 8.6 Hz, 2H) , 3.89 (s, 3H) , 3.75 (s, 
3H); FDMS 452 (M-1) , 454 (M+1) . 

15 

Part 2 - <4-Methoxyphenyl)bon20 [1>] thiophon-3-yl 

3 -Methyl - 4 -mothoxyphonyl Ketone * 




A slurry of 750 mg (1.65 mmol) of 2- {4-methoxyphenyl) - 
20 benzo[jbl thiophen-3-yl 3-bromo-4-methoxyphenyl ketone (Part A) 



wo 97/25033 



PCT/US96/17995 



-78- 

in 15 itiL of toluene was treated with 75 mg (0.07 mmol) of 
tetrakis (triphenylphosphine)palladiuin(O) and 0.54 mL (3.9 
iranol) of tetrabutyltin. The tube was sealed and the contents 
were heated at 130 for 15 h. The reaction was cooled, 
5 evaporated in vacuo, and the residue was taken up in 75 mL of 
Et20. Saturated aq KF (75 niL) was added and the mixture was 
stirred vigorously for 6 h. The two layers were separated 
and the organic layer was washed with H2O (3 x 75 mL) . The 
organic phase was dried over Na2S04 and evaporated in vacuo to 
10 give 934 mg of an oil which was purified by radial 

chromatography (Si02; 25% EtOAc in hexanes) to afford 602 mg 
(1.55 mmol; 94%) of the title compound as a white solid. 

FEMS 388 (M+). 389 (M+l); HRMS calcd for C24H21O3S, 389-1211. 
15 Found 389.1180. 

Part C. 2- (4-Hydrojqrpbenyl)benzo lb} thiopheji-3-yl 
3 -Methyl -4 -hydroxypbeny 1 Ketone • 




20 A 0 ^^C solution of 700 mg (1.80 mmol) of 2-(4- 

methoxyphenyDbenzo [b] thiophen-3-yl 3-methyl-4-methoxyphenyl 
ketone (Part B) in 25 mL of CH2CI2 was treated with 7.2 mL of 
BBr3 (1.0 M in CH2CI2) - Hie reaction was stirred at 0 '^C for 
6 h, then cooled to -78 **C, and was treated carefully with 50 

25 mL of MeOH. The mixture was allowed to warm to room tem- 
perature over 1.5 h, and the volatiles were evaporated in 
vacuo. The dark red residue (monomethyl ether) was taken up 
in 75 mL dichloroe thane and was treated with AICI3 and 
ethanethiol according to the conditions of Example 1, Part D 

30 to afford 675 mg of an oil. Purification by radial 

chromatography (Si02; gradient of 20-30% EtOAc in hexanes) 
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af forded 410 mg (1.14 iranol; 63%) of the title compound as an 
orange solid, 

FIMS 360 (M"*-); Anal. Calcd for C22H16O3S: C, 73,31; H, 4.47. 
5 Found: C, 73.57; H, 4.66. 

Part D. 2- [4- [2- (1-Pyrrolidinyl) ethoxyl phenyl 1 ~ 
benzo [ I>] thiophen- 3 -y 1 3 -Methyl - 4 - [ 2 - ( 1-pyrrolidiny 1 ) - 
ethoaqrlplioi^yl Ketone Bioxalate* 




2 C2H2O4 



By essentially following the procedure detailed in 
Exanple 3, Part D, the free base of the title coirpound was 
prepared from 2-(4-hydroxyphenyl)benzo[Jb]thiophen-3-yl 
3-inethyl-4~hydroxyphenyl ketone (Part C) and l-(2- 
15 chloroethyl) pyrrolidine hydrochloride in 83% yield as an oil 
following radial chromatography (SiOa; 10% MeOH and 0.5% TEA 
in CH2CI2) - The free base was converted to the dioxalate salt 
according to the conditions described in Example 1, Part C. 

20 NMR (EMSO-dtf) 5 8.10 (d, J = 7.8 Hz, IH) , 7.64 (s, IH) , 

7.56-7.34 (m, 6H) , 7.00-6.92 (m, 3H) . 4.13 (t, J = 5.4 Hz. 
2H), 4.08 (t, i7 = 5.7 Hz 2H) , 2.95-2.78 (m, 4H) 2.68-2.56 (m, 
8H), 2-12 (s, 3H), 1.78-1.64 (m, 8H) ; EDMS 555 (M+; 100); 
HRMS C34H39N2O3S: 555.2681. Found: 555.2706. 

25 

Part E. 1- [2- t2-Methyl-4- [2- [4- [2- (1-pyrrolidinyl) - 
ethoxy] phenyl] benzo tl>l thiopheti-3-ylmethyll phenoxyl - 
ethyl] pyrrolidine Dioxalate* 

By essentially following the conditions detailed in 
30 Example 2; Part D, the free base of the title compound was 
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prepared from 2- [4- [2- (l-pyrrolidinyl)ethoxy]phenyl]benzo[Jb]- 
thiophen-3 -yl 3 -methyl-4 - [ 2 - ( 1-pyrrolidinyl ) ethoxy ] phenyl 
ketone (Part D) in 88% yield as an oil following radial 
chromatography (Si02; 10% MeOH and 0.5% TEA in CH2CI2) . The 
5 free base was converted to the dioxalate salt according to 
the conditions described in Example 1, Part C. 

in NMR (DMSO-d^) 5 8.04-7.95 (m, IH) , 7.64-7.56 {m, IH) , 7.51 
(d, iJ = 8.1Hz, 2H) , 7.42-7.32 (m, 2H) . 7.14 (d, J= 8.2 Hz, 

10 2H), 6.97 (s, IH), 6.92-6.80 (m, 2H) , 4.36 (t, J- 4.8 Hz, 

2H) , 4.22 (t, J= 5.0 Hz 2H) , 4.18 (s, 2H) , 2.95-2.78 (m, 4H) 
2.68-2.56 (m, 8H) , 2.12 (s, 3H) , 1.78-1.64 (m, 8H) ; FDMS 541 
(M"^; 100), 631 (M+ + C2H2O4) ; Anal. Calcd for 
C34H40N2O2S'2C2H2O4'1.9H2O: C, 63.78; H, 6.20; N, 3.93. 

15 Found: C, 63.81; H, 6.47; N, 3.82. 

Example 9 

Preparation of 2- [4- 12- (l-Pyrrolidinyl) ethoxy] phenyl] - 
benzo[b] thiophen-3-yl 6- [2- (1-Pyrrolidinyl) ethoxy] - 
20 pyrid-3-yl Ketone Dioxalate. 




2 C2H2O4 




25 



By essentially following the procedure detailed in 
Exanple 1, Part C, the title compoiind was prepsired from 6- 
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chloronicotinic acid and 2- (4-methoxyphenyl)benzo[±»] thiophene 
(Example 3, Part A) in 31% yield as a yellow solid following 
flash chromatography (SiOa; CH2CI2) • 

5 FDMS 379 (M+, 100), 381; Anal. Calcd for C21H14CINO2S: C, 

66.40; H, 3.71; N, 3.69. Found: C, 66.20; H, 3.71; N, 3.79. 

Part B . 2- (4-Mothoxyphonyl)bon2o ti>l tliiophoii-3-yl 
6-12- (l-Pyrrolidinyl)othoxylpyrid-3-yl Ketone. 




A solution of 0.50 mL (4.30 mmol) of 1- (2 -hydroxy ethyl ) - 
pyrrolidine in 10 mL of xylenes was treated with 50 mg (2.20 
mmol) of Na. The mixture was heated to 50 ^^C until all the 
Na had disappeared, cooled to room temperature, and then 
15 treated with a solution of 420 mg (1.10 mmol) of 2-(4-' 

methoxyphenyl)benzo[Jb]thiophen-3-yl 6-chloropyrid-3-yl ketone 
(Part A) in 5 mL of a^rlenes. The reaction was heated to 50 
**C for 2 h and was evaporated in vacuo. The residue was 
partitioned between H2O (50 mL) and EtOAc (50 mL) . The 
20 organic layer was separated and the aqueous layer was 

extracted with EtOAc (2 x 50 mL) . The combined organic 
layers were dried over K2CO3 and evaix>rated in vacuo to give 
810 mg of a yellow solid. Purification by radial 
chromatography (Si02; gradient of 1-5% MeOH in CH2CI2) gave 
25 525 mg (1.09 mmol; 99%) of the title compound as an amber 
oil- 

FEMS 459 (M+; 100); Anal. Calcd for C27H26N2O3S: C, 70.72; H, 
5.71; N, 6.11. Found: C, 70.43; H, 5.60; N, 6.02. 

30 

Part C. 2- (4"Hydrox3rphenyl)beiizo [i>] thiophexi-3-yl 
6- t2-{l-Pyrrolidinyl)ethoxy)pyrid-3-yl Ketone. 
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O. 



OH 



By essentially following the procedures outlined in 
Example 1, Part D, the title compound was prepared from 2-(4- 
methoxyphenyl ) benzo [Jbl thiophen-3 -yl 6- 1 2 - { l-^pyrrolidinyl ) - 
5 ethoxy)pyrid-3-yl ketone (Part B) in 89% yield as a yellow 
solid following radial chromatography (SiOs, 5% MeOH in 
CH2CI2) . 

FDMS 445 (M+1; 100); HRMS calcd for C26H25N2O3S: 445.1586. 
10 Found: 445.1569. 

Part D. 2- [4- [2-(l-Pyrrolidinyl)etlioxy]ph0nyl]-* 
benzo [Jb] t:hlophen-3-yl 6 - [2 - (l-PyrrolidinyDethoxyl - 
pyrld-3-yl Ketone Dioxalate. 

15 By essentially following the procedure detailed in 

Example 3, Part D, the free base of the title compound was 
prepared from 2- (4 -hydroxyphenyl) benzo [Jb] thiophen-3 -yl 6-[2- 
{l-pyrrolidinyl)ethoxy)pyrid-3-yl ketone (Part C) and l-(2-' 
chloroethyl) pyrrolidine hydrochloride in 84% yield as an oil 

20 following radial chromatography {Si02; gradient of 5-20% MeOH 
in THE) , The free base was converted to the dioxalate salt 
according to the conditions described in Example 1, Part C. 

FDMS 542 (M+1); Anal. Calcd for C32H35N303S-2C2H204'1.5H20: C, 
25 57.74; H, 5.65; N, 5.61. Fotind: C, 57.68; H, 5.42; N, 5.49, 

Example 10 

Preparation of l-[2«[4-[[2~[4- [2- (1-Pyrrolidinyl ) - 
ethoxy] phenyl] benzo [i>] thiophen-3 -^yl] thiojphenoxy] - 
30 ethyl] pyrrolidine Dioxalate. 



wo 97/25033 



PCT/US96/17995 



-83- 




2 C2H2O4 



Part A, 3-Bromo-2- (4-met]ioxyphenyl)benzo [Jb] thiophane . 

Br 




A slurry of 5.0 g (20,8 lomol) of 2- (4-methoxyphenyl) - 
5 benzo [b] thiophene (Exaniple 3, Part A) in 400 mL of CHCI3 at 0 
was treated slowly with 1.6 mL of Br2, resulting in a 
yellow solution. The reaction was stirred at 0 for 1 h 
and then washed sequentially with 200 mL of 1.0 N aq Na2S203, 
200 mL of 1.0 N aq NaHCOs, and 200 mL of After drying 

10 over Na2S04, evaporation of the solvent in vacuo gave 6.24 g 
(19.5 nrniol; 94%) of an off-white solid which was clean by 
thin layer chromatography- 

mp 84.5-86.5 **C; NMR (CDCI3) 5 7.86 (d, J = 7.9 Hz, IH) , 
15 7.80 (d, iJ = 7.9 Hz, IH) , 7.72 {d, J= 8.7 Hz, 2H) , 7.50-7.37 
(m, 2H), 7.02 [ d, J = 8.7 Hz, 2H) , 3.88 (s, 3H) ; FDMS 318 
(100), 320 (M+1); Anal. Calcd For CisHnBrOS: C, 56.44; H, 
3-47. Found: C, 56.25; H, 3.38. 

20 Part B. Methyl 4- [ [2- (4-Metlioxyph0nyl)benzo [b] thlo- 
phen- 3 -y 1 ] thio ] phenyl Ether . 
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To a solution of 1.0 g (3.1 iranol) of 3-bromo-2- (4-' 
metlloxyphenyl)benzo [jb] thiophene (Part A) in 20 mL of THF was 
added dropwise 2.9 mL of 1.6 M n-BuLi in hexanes (4.7 iranol) 
at -70 "C. The mixture was stirred at -70 for 10 min and 
5 then treated with 0.87 g (3.13 mmol) of solid bis(4- 

methoxyphenyl) disulfide. Stirring was continued at -70 **C 
for 0 . 5 h and then the reaction was allowed to warm slowly to 
room temperature. The reaction was quenched with 1 mL of 
saturated aq NH4CI and 1 mL of MeOH and was concentrated in 

10, vacuo. The residue was partitioned between 100 mL of EtOAc 
and 100 mL of H2O. The organic layer was separated, dried 
over MgS04, and concentrated in vacuo to afford an oily solid 
which was subjected to flash chromatography (Si02; gradient 
of 1-5% EtOAc in hexanes) to afford 0.82 g of the title 

15 compound as ein oil. 
FDMS 378 (M+l; 100) . 

Par^ C. 4- [ [2- (4-Hydrox3rphenyl)beiizo t*! tliiophen-3- 
yl] thlo] phenol • 



20 




A solution of 0.82 g (2,2 mmol) of methyl 4-[[2-(4- 
methoxyphenyl ) benzo [ b] thiophen-3 -yl ] thio ] phenyl ether ( Part 
B) in 50 mL of dichloroe thane was treated with 1.2 mL (3.3 g; 
13 mmol) of BBr^ at 0 **C for 5 h. The reaction was quenched 
25 by the careful addition of 15 mL of MeOH. Evaporation of the 
solvent in vacuo gave a residue which was subjected to flash 
chromatography (Si02; 1% MeOH in CHCI3) to afford 0.47 g of 
the desired product as a solid. 

30 FDMS 350 (M^; 100); Anal. Calcd For C20H14O2S2 • 0 . 5MeOH: C, 
67.19; H, 4.40. Found: C, 67,04; H, 4.25. 



wo 97/25033 



PCT/US96/17995 



-85- 

Part D. 1- [2- [4- [ [2- [4- [2- < l-PyrrolidinyDothoxy] - 
phenyl Ibenzo lb} thiophon-3-yll thiolphonoxyl ethyl] - 
pyrrolidine Dioxalate . 

By essentially following the procedure detailed in 
5 Exan^le 4, Part B, except using 1-- <2-hydroxyethyl) - 

pyrrolidine, the free base of the title compound was prepared 
from 4- [ [2- {4-hydroxyphenyl)benzo [Jb] thiophen-3-yl] thiolphenol 
(Part C) and 1- (2-hydroxyethyl) pyrrolidine in 43% yield as an 
oil following radial chromatography (Si02; 3% TEA and 37% THF 
10 in hexanes) . The free base was converted to the dioxalate 

salt according to the conditions described in Example 1, Part 
C. 

1h NMR (DMSO-dfi) 5*8.12-8.00 (m, IH) , 7.76-7.65 (m, 3H) , 7.47- 
15 7.38 (m, 2H), 7.13 (d, J= 8.8 Hz, 2H) , 7.00 (d, J= 8.8 Hz, 
2H), 6.87 (d, J= 8.9 Hz, 2H) , 4.36 (t, J= 5.0 Hz, 2H) , 4.19 
(d, i7 = 5.1 Hz, 2H) , 3.56 (t, J = 4.8 Hz, 2H) , 3.47 (t, c7 = 
4,9 HZ, 2H), 3.42-3.18 (m, 8H) , 2.03-1.82 (m, 8H) ; EDMS 545 
(M+1) , 636 (M+91, 100) ; Anal. Calcd For 
20 C32H36N2O2S2'2C2H2O4-0.4H2O: C, 59.07; H, 5.62; N, 3.83. 

Found: C, 59.02; H, 5.49; N, 4.22. 



Preparation of 1- 12- [4- [3- [4- [2- (l-Pyrrolidinyl) - 
25 ethoxy]ph0iioxy]banzo[i>] thiophen*2-yl]phenoxy] ethyl] - 
pyrrolidine Dioxalate. 



Part A • Benzo [ Jb] thiophen-3 -yl 4 -Methoxyphenyl Ether . 



Example 11 




wo 97/25033 



PCT/US96/I7995 



-86- 




A mixture of 4.00 g (19.7 iranol) of S-bromobenzo [b] - 
thiophene, 4*96 g (40 mmol) of 4-methoxyphenol, 5.52 g (40 
mtnol) of K2CO3, and 0.20 g (1.0 mmol) of Cul was heated to 140 
5 **C and sonicated at this temperature for 2 h. The reaction 
was allowed to cool, taken up in CM2CI2, and the mixture was 
washed several times with 0.5 N NaOH. The organic layer was 
dried over Na2S04 and concentrated in vacuo to an oil that was 
subjected to chromatography (Si02; gradient of 0-5% EtOAc in 
10 hexanes) . The fractions containing the desired product were 
combined, evaporated in vacuo, and the residue was 
recrystallized from hexanes to afford 500 mg (1.95 mmol; 10%) 
of the title compound as a white solid. 

15 Anal, Calcd For C15H21O2S: C, 70.29; H, 4,72. Found: C, 
70.56; H, 4.88. 

Part B. 2-Iodobezxzo[2>] thlophen-3-yl 4-l(lethoxyplienyl 
Bthcir • 




A solution of 133 mg (0.52 mmol) of 3- (4-methoxy- 
pheno^^)benzp[b] thiophene (Part A) in 3 mL of THF was treated 
with 0.33 mL of 1.6 M n-BuLi in hexanes (0.54 mmol) at -78 **C 
for 15 min and then treated with 138 mg (0.54 mmol) of I2 in 
25 3 mL of THF. The reaction was allowed to gradually warm to 
room temperature and then partitioned between brine and 
EtOAc /hexanes . The two phases were separated, the organic 
phase was washed with H2O, dried over Na2S04, and concentrated 
in vacuo. The residue was crystallized from hexanes to 
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afford 143 mg {0.37 mmol; 72%) of the title compound as a 
solid. 

Anal. Calcd For C15H20IO2S: 47.14; H, 2.90. Found: C, 
5 47.21; H, 2.98. 

Part C. (4-Methoxyphdnyl)boroixlc Acid. 



10 Example 1, Part A, the title compound was prepared from 
4-iodoanisole . 

Part D. 2- (4-Metho3OT>henyl)benzo [Jb] tliiophen-3-yl 
4 -Methoxyphenyl Ethar • 



By essentially following the procedure detailed in 
Example 1, Part B, the title compound was prepared from 
2-iodo-3- (4-methoxyphenoxy)benzo[Jb] thiophene (Part B) and 
(4-methoxyphenyl)boronic acid (Part C) in 70% yield following 
20 chromatography (Si02; 5% EtOAc in hexanes) . 

Anal- Calcd For C22H18O3S: C, 72.90; 5.01. Found: C, 
72.82; H, 5.12* 

25 Part 4- [ [2-(4-Bydroxyphenyl)benzo[Jb] thiophen-3- 

yl ] oxy ] phenol • 




By essentially following the procedure detailed in 




OMe 
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By essentially following the procedure detailed in 
Example 5, Part B, the title compound was prepared from 2-(4- 
methoxyphenyl ) -3 - ( 4-methoxyphenoxy ) benzo [Jbl thiophene ( Part D) 
in 87% yield following radial chromatography (Si02; 25% EtOAc 
5 in hexanes) , 

FDMS 334 (M+, 100); Anal- Calcd For C20H14O3S: C, 71.84; H, 
4.22. Found: C, 71.94; H, 4.35. 



10 Part F. l-[2-[4-[3-[4"I2-{l-Pyrrolidinyl)othoxyl- 
phenoxy] benzo [1>] tbiopheii-2-yl]plienoxy] ethyl] - 
pyxrolidine Dioxalate • 

By essentially following the procedure detailed in 
Exanple 3, Part D the free base of the title conpound was 
15 prepared from 4- [ [2- (4-hydroxyphenyl)benzo[Jb] thiophen-S- 
yl J oxy] phenol (Part E) cuid 1- (2 -chloroe thy 1) pyrrolidine 
hydrochloride in 52% yield following radial chromatography 
(SiOs; gradient of 2 --10% MeOH in CH2CI2) - The free base was 
converted to the dioxalate salt according to the conditions 
20 described in Example 1, Part C. 

NMR (DMS0-d5) 5 7.96 (d, J = 8.0 Hz, IH) , 7.68 (d, J = 8.5 
Hz, 2H) , 7.40-7.23 (m, 3H) , 7,04 (d, J = 8.5 Hz, 2H) , 6.91- 
6.80 (m, 4H), 4.38-4.13 (m, 4H> , 3.55-3.41 (m, 4H) , 3.36-3.14 
25 (m, 8H), 1.97-1.78 (m, 8H) ; FIMS 529 (M+1; 100); Anal. Calcd 
For C32H36N203S-2C2H204: C, 61.00; H, 5.69; N, 3.95. Found: 
C, 61.06; H, 5.86; N, 4.17. 



Example 12 

30 Preparation of 1- [2- [4- [1- [2- [4-- [2- (1-Pyrrolidinyl) - 
ethoxy] phenyl] benzo [Jb] thioplieii-3-yl] etbenyllphenoxy] - 
ethyl] pyrrolidine Dioxalate* 
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5 A solution of 1.20 g (3.36 inmol) of methyl triphenyl- 

phosphonium bromide in 50 mL of THF was treated with 0.45 g 
(4.01 mmol) of potassiim tert-butoxide and the mixture 
stirred at room temperature for 0.5 h. To this was added 
dropwise 0.80 g (2.14 mmol) of 2- (4-methoxyphenyl)benzo[Jb] - 

10 thiophen-3-yl 4-methoxyphenyl ketone (Example 3, Part B) in 
10 mL of THF and the reaction was stirred at room temperature 
for 18 h and then heated at gentle reflux for 48 h. The 
reaction was quenched by 100 mL of brine. The two layers 
were separated and the organic layer was dried over Na2S04. 

15 Concentration in vacuo gave 1.36 g of cin oil which was pu- 
rified by radial chromatography (Si02; 10% EtOAc in hexanes) 
to afford 0.610 g (1.64 mmol; 77%) of the desired product as 
an oil. 

20 EDMS 372 (M+; 100) . 



Part B. 4-[l- [2-^(4-Hydroacyphenyl)benzo[Jb] thlophan-a- 
yl ] e theny 1 ] phenol • 
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By essentially following the procedure detailed in 
Example 5, Part B, the title compound was prepared from 
methyl 4- [ 1- [ 2- ( 4-metho3cyphenyl ) benzo [b] thiophen~3 -yl ] - 
5 ethenyl] phenyl ether (Part A) in 67% yield as a yellow solid 
following radial chromatography (Si02; gradient of 20-40% 
EtOAc in hexanes) . 
FJMS 344 (M+; 100) . 

Part C- l-[2-[4-[l-[2-[4-r2-(l-Pyrrolidinyl)etlioxyl- 
phenyl ] benzo [b] thlophan- 3 -yl ] athenyl ] phenoxy ] ethyl ] - 
pyrrolidine Bloxalate* 

By essentially following the procedure detailed in 
Example 3, Part D, the free base of the title confound was 
prepared from 4 - [ 1- [ 2 - ( 4 -hydroxypheny 1 ) benzo t b] thiophen-3 - 
yl] ethenyl] phenol (Part B) and 1- (2 -chloroethyl) pyrrolidine 
hydrochloride in 67% yield as an oil following radial 
chromatography {Si02; gradient of 2-10% MeOH in CH2CI2) . 1*he 
free base was converted to the dioxalate salt according to 
the conditions described in Exaiqple 1, Part C. 

1h NMR (DMSO-dg) 5 7.95 (d, J = 7.5 Hz, IH) , 7.49 (d, J = 8.0 
Hz, 2H), 7.38-7.16 (m, 5H) , 6.95 (d, J= 8.1 Hz, 2H) , 6.87 
(d, J- = 8.2 Hz, 2H), 5.99 (s, IH) , 5.14 (s, IH) , 4.32-4.10 
25 (m, 4H), 3.54-3.36 (m, 4H) , 3.29-3.12 (m, 8H) , 1.98-1.72 (m, 
8H); FDMS 539 (M+l; 100); Anal. Calcd For C34H38N202S'2C2H204: 
C, 63.49; H, 5.89: N, 3.90. Found: C, 63.78; H, 6.14; N, 
4.10. 
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Example 13 

Preparation of 4- [2- (Hexahydro-lH-azepin-l-yDethoxyJ 
phenyl 2- [4- [2- (l-PyrrolidinyDethoatyJ phenyl] - 
benzo [1>] thiophen-B -yl Ketone Dloxalate • 

2 C2H2O4 




Part A, 4-12- (Hexahydro-lH-azepin-l-yl)ethoxy J phenyl 
2 - ( 4 -Methoxyphenyl ) benzo [b] thiophen-3 -*yl Ketone • 




OMe 



By essentially following the procedure detailed in 
10^^ 1, Part C, the title compound was prepai'ed from 

2- (4-methoxyphenyl)benzo[Jb]thiophene (Example 3; Part A) and 
4- [2- (hexahydro-lH-azepin-l-yl) ethoxyl benzoic acid 
hydrochloride in 35% yield as an oil following radial 
chromatography (Si02; gradient of 1-10% isopropanol in 
15 CH2CI2) . 

FDMS 485 (M+; 100) . 



Part 4- [2- (Hexahydro-lH-azepin-l-yl) ethoxy] phenyl 

2 - [ 4 - [ 2 ~ ( l-'Pyrrolidlnyl ) ethoxy] phenyl] benzo [b] thio- 
20 phen-3-yl Ketone Dioxalate. 

Deprotection of the 4- [2- (hexahydro-lH-azepin-l-^yl) - 
ethoxy] phenyl] 2- (4 -methoxyphenyl) benzo [b] thiophen-3-yl 
ketone (Part A) was effected according to the conditions 
described in Example 1, Part D. The resulting phenol was 
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alkylated with 1- (2-chloroethyl)pyrrolidine hydrochloride 
according to the procedure detailed in Example 3, Part D to 
afford the free base of title coznpound which was converted to 
the di oxalate salt according to the methods described in 
5 Example 1, Part C. 

FDMS 569 (M+; 100); Anal. Calcd For C35H38N2O3S • 2C2H2O4 •H2O: C, 
60.37; H, 6.10; N, 3.61. Foxind: C, 60.05; H, 5.71; N, 3.84; 
HRMS Calcd for C35H40N2O3S: 568.2838. Found: 568.2869. 



Preparat:ion of 4- [2- (l-Pyrrolidinyl)athoxy] phenyl 
2 - [4 - [3 - (l-Pyrrolidlnyl) propyl] phenyl] benzo[l>] thlo 
phan-3-yl Ketone Dloxalate. 



15 ^ 

Part A. 1- ( traxi0-4-Bromocinnamoyl) pyrrolidine . 



A mixture of 5.0 g (22.0 nsnol) of 4-bromocinnamic acid, 
6 mL of oxalyl chloride and 3 drops of IMF in 40 mL of CH2CI2 

20 was heated to gentle reflux until gas evolution ceased. The 
volatiles were removed in vacuo and the residue was taken up 
in 50 mL of CH2C12- Pyrrolidine (10 mL; 120 mmol) was added 
and the mixture was stirred overnight at room temperature. 
The reaction mixture was evaporated in vacuo and 

25 chroma tographed to afford 5.36 g (19.1 mmol; 87%) of the 
title compound. 



10 



Example 14 




2 C2H2O4 



Br 




FDMS 279 (M-1), 281 (M+1) ; Anal. Calcd For Ci3Hi4BrNO: C, 
55.73; H, 5.04; N, 5.00. Found: C, 56.00; H, 5.06;. N, 5.04. 
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Part 1- [ traJi0-4- (Benzo [1>] thioplion-2-yl) cinnamoyl] - 

pyrrolidine. 




O 



By essentially following the procediire detailed in 
Example 1, Part B, the title corapoimd was prepared from 
benzo [bl thiophene-2-boronic acid and 1- ( trans-- 4-broino- 
cinnamoyl) pyrrolidine (Part A) in 43% yield following 
chromatography. 

FDMS 333 334 (M+1) . 

Part C. 1- [3- [4- (Benzo [Jb] thiophon-2-yl) phenyl] - 
propyl 3 pyrrolidine . 




15 

A solution of 1.2 g (3.6 mmol) of l-[trans-4- 
(benzo[Jb]thiophen-2-yl) cinnamoyl] pyrrolidine (Part B) in 15 
mL of THF was treated with 75 mg (2,0 ramol) of LiAlH4 at -15 
*'C. After complete consumption of starting material, the 
20 reaction was cautiously quenched with H2O. The mixture was 
extracted with EtOAc and the combined organic layers were 
evaporated in vacuo. Chromatography afforded 600 mg (1.9 
ramol; 52% yield) of the desired product. 
FDMS 320 (M-1). 

25 

Part D. 4- [2- ( 1- Pyrrol idinyDethoxyl phenyl 2-[4-t3- 
(1- Pyrrol idinyl) propyl] phenyl! benzo [JbJ thiophen-3-yl 
Ketone Dioxalate. 

By essentially following the procedure outlined in 
30 Exanple 1, Part C, the free base of the title compound was 
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prepared from 1- [3- [4- (benzo[Jb] thiophen-2-yl)phenyl]propyl] - 
pyrrolidine (Part C) and 4- [2- (l-pyrrolidinyl) ethoxy]benzoic 
acid hydrochloride in 11% yield- Conversion to the dioxalate 
salt followed from the procedure described in Example 1, Part 
5 C. 



10 



15 



20 



25 



mp 105 - 112 **C; FDMS 536 (M+1; 100); Anal. Calcd For 
C32H38N202S-3C2H204: C, 58.16; H, 5.65; N, 3.57. Found: C, 
58.06; H, 5.15; N, 3.93. 

Example 15 

Preparation of 4- [2~ (1-Pyrrolidinyl) othoxy] phenyl 
2- [4- [3- (1-Pyrrolidinyl) propoxy] phenyl ]benzo[l>] thio- 
phen-3 -yl Ketone Dioxalate • 



2 C2H2O4 




Part A • 2 - ( 4 -Hethoxyphenyl ) benzo [b] thiophen<^ 3 -y 1 
4- [2- ( 1-Pyrrolldinyl) ethoxy] phenyl Ketone • 




OMe 



By essentially following the procedure detailed in 
Example 1, Part C, the title conpound was prepared from 
2-(4-inetho3(yphenyl)benzo[Jb] thiophene (Example 3, Peirt A) and 
4- [2- (l-pyrrolidinyl) ethoxy] benzoic acid hydrochloride in 59% 
yield as an oil following radial chrcxnatography (Si02r 
gradient of 2-5% MeOH in CH2C12)- 

Part B * 2 - (4-Hydroxyphenyl)benzo[Jt>] thiophen-3-yl 
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4- [2- (l-Pyrrolidinyl)othoxy] phenyl Ketone. 




By essentially following the procedure detailed in 
Example 1, Part D, the title compound was prepared from 2-{4- 
5 methoxyphenyl ) benzo [Jb] thiophen-3 -yl 4- [ 2- { 1 -pyrrol idinyl ) - 
ethoxy] phenyl ketone (Part A) in 33% yield as an oil fol- 
lowing radial chromatography (Si02; gradient of 2-10% MeOH in 
CH2C12)- 



10 FIMS 443 (M+; 100); Anal. Calcd For C27H25NO3S: C, 73.11; H, 
5.68; N, 3.16. Found: C, 73.11; 5.89; N, 3.20. 

Part 4- [2- (1-Pyrrolidinyl) ethoxy] phenyl 2-[4-t3- 

(l-Pyrrolidinyl)propoxy] phenyl] benzo [Jb] thiophen-3-yl 
15 Ketone Dioxalate. 

By essentially following the procedure detailed in 
Example 3 , Part D, the free base of the title conpound was 
prepared from 2- (4-hydroxyphenyl)benzo[b] thiophen-3-yl 4-[2- 
(1-pyrrolidinyl) ethoxy] phenyl ketone (Part B) and l-(2- 
20 chloroethyl) pyrrolidine hydrochloride in 69% yield following 
radial chromatography {Si02; gradient of 5-10% MeOH in 
CH2CI2) - The product was converted to the dioxalate salt 
according to the conditions of Example 1, Part C. 

25 NMR (EMSO-de) 5 8.04 (d, J = 8.8 Hz, IH) , 7.68 (d, J = 8:7 

Hz, 2H), 7.42-7.29 (in, 5H) , 6.95 (d, J = 8.7 Hz, 2H) , 6.89 
(d, 17= 8,6 Hz, 2H), 4.35-4.23 (m. 2H) , 3.98 (t, .7= 5.5 Hz, 
2H), 3.58-3.42 (m, 2H) , 3.34-3.09 (m, lOH) , 2.13-1.99 (m, 
2H), 1.95-1.76 (m, 8H) ; FDMS 555 (M+l; 100); Anal. Calcd For 

30 C34H38N203S-2C2H204-1.5H20: C, 59.91; H, 5.95; N, 3.68. Found 
C, 59-72; H, 5.70; N, 3.48. 
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Example 16 

Preparation of 4- [2- (l-Pyrrolidinyl)ethoxylplionyl 
2- 16- t2-(l-Pyrrolidinyl)othoxy]pyrid-3-yllbonzo[Jb3 - 
thlopheii- 3 -y 1 Ketone Dioxalat e • 




2 C2H2O4 



Part A. 5-Bromopyrid-2-yl 2-"(l-Pyrrolidinyl)ethyl 
Ether. 




A solution of 8,00 g (69.6 nimol) of N- (2-hydroxyethyl) - 
10 pyrrolidine in 150 mL of xylenes was treated with 534 mg 

(23.2 ramol) of Na and the mixture was heated to 80 ""C until 
all the Na had i disappeared- The reaction was cooled to 23 
and 5-50 g (23.2 mmol) of 2, 5-dibromopyridine was added. The 
mixture was stirred at room temperature for 2.25 h and was 
15 concentrated in vacuo. Purification by flash chromatography 
(Si02; gradient of 50-70% EtOAc in hexanes) afforded 3.53 g 
(13.0 mmol; 56%) of the title coirpound. 

Part B. 5-(Benzo[Jb]thiophen-2-yl)pyrid-2-yl 2-(l- 
20 Pyrrolidinyl ) ethyl Ether . 




By essentially following the procedure detailed in 
Example 1, Part B, the title compoimd was prepared from 
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ben2o[Jb]thiophene-2-boronic acid and 5-broinopyrid-'2-yl 2-(l- 
pyrrolidinyl) ethyl ether (Part A) in 68% yield as an oil 
following flash chromatography (Si02; gradient of 0-4% MeOH 
in CHCI3) . 
5 FDMS 324 (M+; 100) . 

Part C. 4-[2-(l-Pyrrolidinyl)otboxylphenyl 2-[6-[2- 
( 1 - pyr rolidiny 1 ) o thoxy 1 pyr id- 3 -yl ] benzo [b] thiophen- 3 - 
yl Ketone Dioxalate * 

IQ By essentially following the procedure detailed in 

Example 1, Part C, the title coirpound was prepared from 
5- (benzo [b] thiophen-2-yl)pyrid-2-yl 2- (1-pyrrolidinyl) ethyl 
ether (Part B) and 4- [2- (1-pyrrolidinyl) -ethoxylbenzoic acid 
hydrochloride in 30% yield as a solid following flash 

15 chromatography (Si02; 5% MeOH in CHCI3) . The free base was 
converted to the dioxalate salt according to the conditions 
outlined in Example 1, Part C. 

FDMS 543 (M+2; 100); Anal. Calcd For C32H35N303S- 2C2H2O4: C, 
20 59.91; H, 5.45; N, 5.82. Found; C, 59.80; H, 5.67; N, 5.61. 

Exaiqple 17 

Preparation of 4- [2- ( 4 *MorpholinyI)et:hoxy] phenyl 2- [4- 
[ 2 - ( 1 -Pyrrolldinyl ) ethoxy ] phenyl ] benzo Ibl thiophen- 3 -y 1 
25 Ketone Dioxalate* 




Part A. 2- (4-Methoxyphenyl)benzo [b] thiophen- 3 -yl 
4 - [ 2 - ( 4 -Mo3n;>holiny 1 ) ethoxy] phenyl Ketone * 
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By essentially following the procedure outlined in 
Example 3, part the title coii¥>ound was prepared in 96% 
yield from 4-hydroxyphenyl 2- (4-methoxyphenyl)benzo[jb]- 
5 thiophen-3-yl ketone (Example 28, Part A) to yield an off- 
white foam following colomn chromatography (Si02; gradient 0- 
5% MeOH in EtOAc) • 

1h NMR (CDCI3) 5 7.86-7.83 (m, IH) , 7.77 (d, *J = 8.8 Hz, 2H) , 
10 7,65-7.62 (m, IH) , 7.39-7.32 (m, 4H) , 6.76 (d, J ^ 8.8 Hz, 

4H), 4.08 (t, J =5.6 Hz, 2H) , 3.75 (s, 3H) , 3.71 (t, J = 4.7 
Hz, 4H), 2.77 (t, jr = 5.6 Hz, 2H) , 2.54 (t, *7=4.5Hz, 4H) . 



Part B • 2 - ( 4 -Hydroxyphenyl ) benzo [ Jb] thiophon- 3 -y 1 
15 4 - 1 2 - ( 4 *Morpholiny 1 ) ethoxy ] phenyl Ketone . 




Following the procedure outlined in Example 1, part D, 
the title coitqpound was prepared in 91% yield from 2-{4' 
methoxyphenyl) benzo [b] thiophen-3-yl 4- [2- (4-morpholinyl) - 
20 ethoxy] phenyl ketone (Part A) . The desired compound was 

isolated as a white solid after flash chromatography (Si02; 
gradient 0-10% MeOH in EtOAc) and recrystallization from THF- 
hexanes . 



25 mp 188-189 ^^C; IR (KBr) 1598 cm-1; FDMS 459 (M+} ; Anal. Calcd 
for C27H25NO4S: 70.57; H, 5.48; N, 3.05. Found C, 70.58; 

H, 5.57; N, 3.35.^' 
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Part C. 4- [2-(4-Morpholinyl)ethoxy]plienyl 2-[4-[2-{l" 
Pyrrolldinyl ) ethoxy ] phenyl ] benzo [i>] thiophon- 3 -yl 
Ketone Dloxalate . 

Following Exanple 3, part D, the title compound was 
5 prepared from 2-(4-hydroxyphenyl)benzo[b] thiophen-3-yl 4-[2- 
( 4 -morpholinyl) ethoxy 1 phenyl ketone (Part B) in 78% yield as 
a light oil after flash chromatography [Si02; gradient 0-12% 
(1:2 TEA-i-PrOH) in THF] . Conversion to the dioxalate salt 
was carried out as detailed in Example 1, part C. 

10 

mp 73 ^C; IR (KBr) 1598 cm"!; NMR {CD3OD) S 7.93 (d, J = 
7.1 Hz, IH), 7.71 (d, J = 8.8 Hz, 2H:) , 7.56 (d, J = 7.1 Hz, 
IH), 7.36 (d, 17= 8.7 Hz, 4H) , 6.88 ( d, J = 8.9 Hz, 2H) , 
6.87 (d, iJ = 8.7 Hz, 2H) , 4.36 (distorted t, 2H) , 4.25 
15 (distorted t, J = 4.8 Hz, 2H) , 3.90 (br t, J = 4-6 Hz, 4H) , 
3-61-3.28 (m, 12 H) , 2.06 (m, 4H) ; FDMS 557 (M+1) ; Anal. 
Calcd for C35H38N208S-2C2H204-2H20: C, 57.50; H, 5.74; N, 
3.62. Found: C, 57.39; H, 5.56; N, 3.70. 

20 Example 18 

Preparation of 4- [2- (Diothylamino) ethoxy] phenyl 2-[4- 
[2- (i-*pyrrolidlnyl) ethoxy] phenyl] benzo [b] thiophen-3-yl 
Ketone Dioxalate • 




25 Part A. 4- [2- < Die thylamino) ethoxy] phenyl 2-(4- 
Methoxyphenyl) benzo [b] thiophen-3-yl Ketone. 
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By essentially following the procedure outlined in 
ExaiT^le 3, part D, the title compound was prepared from 4- 
hydroxyphenyl 2- (4-methoxyphenyl) benzo(Jb] thiophen-3-yl ketone 
(Example 28, Part A) and 2-diethylaminoethyl chloride in 86% 
5 yield. Flash chromatography [Si02; gradient 1-4% of (1:1 

TEA-MeOH) in EtOAc] gave the desired compound as a light oil. 

IR {CHCI3) 1598 cm-1; NMR (CDCI3) 5 7.86-7.84 (m, IH) , 
7.83-7.75 (m, 2H) , 7.65-7.62 (m, IH) , 7.39-7.25 (m, 4H) , 6.76 
10 (d. iJ =: 8.5 Hz, 4H), 4.03 (t, J- =6.0 Hz, 2H) , 3.75 (s, 3H) , 
2.84 (t, J = 6.0 Hz, 2H), 2.66-2.59 (m, 4H) , 1.05 (t, J = 7.1 
Hz, 6H) ; FDMS 459 (M+) ; Anal. Calcd for C28H29NO3S: C. 
73.17; H, .6.36; N, 3.05. Found: C, 73.11; H, 6.49; N, 3.17. 

15 Paxt B. 4- t2-(Diotliylwiiino>«thoxylphonyl 2-(4- 
Hydr oxyphany 1 ) benzo [ Jb ] thloplion- 3 -y 1 Ket;oiia • 



20 yield from 4-t2-(diethylamino)ethoxy]phenyl 2- {4-methoxy- 
phenyl ) benzo [b]thi<^hen-3-yl ketone (Part A) as an orange 
foam following flash chromatography (Si02; 5% TEA in THF) . 

1h NMR (CIX:i3) S 7.89-7.86 (m, IH) , 7,76 (d, J = 8.7 Hz, 2H) , 
25 7.72-7.69 (m, IH) , 7.39-7.36 (m, 2H) , 7.25 (d, J = 8,4 Hz, 

2H). 6.95 (br s, IH) , 6.72 (d, 8.7 Hz, 2H) , 6.64 (d, J= 

8.4 Hz, 2H), 4.07 (t, J = 5.8 Hz, 2H) , 2.91 {t, J = 5.9 Hz, 
2H), 2.70 {q, J =7.1 Hz, 4H) , 1.09 (t. J =7.1 Hz, 6H) . 

30 Part C. 4- [2- (Diethylaiaino)ethoxy]phonyl 2-[4-[2-(l- 
pyrrolidinyl) ethoxy 1 phenyl ] benzo [bl thiophen-3 -yl 
Ketone Dlosmlate . 

By essentially following the procedure outlined in 
Exanple 3, part the title compound was prepared from 4-[2- 




By essentially following the procedure outlined in 
Exanple 1, part D, the title conpound was prepared in 71% 
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(diethylamino) ethoxy] phenyl 2- ( 4-hydroxyphenyl ) benzo [b] - 
thiophen-3-yl ketone (Part B) in 95% yield following flash 
chromatography (Si02; gradient 60% THF containing 3% TEA to 
80% THF in hexanes) as a tan solid. Conversion to the 
5 dioxalate salt was carried out in 94% yield as detailed in 
Example 1, part C. 

mp 176-179 °C; % NMR {CD3OD) 5 7.92 (dd, J = 7.0, 1.5 Hz, 
IH), 7.74 {d, J= 8.9 Hz, 2H) , 7.54 (dd, J= 7,2, 1.7 Hz, 
10 IH), 7.41-7.34 {m, 4H) , 6.92 (d, J = 8.5 Hz, 2H) , 6.90 (d, J 
= 8.6 Hz, 2H), 4.36 (distorted t, 2H) , 4.27 (distorted t, 
2H), 3-59 (m 4H) . 3.28 (m, 8H) , 2.08 (br s, 4H) , 1.31 (t, J= 
7.2 Hz, 6H); FDMS 543 (M+1) , 634 (M+2+C2H2O4) - 

15 Example 19 

Preparat:ion of 1- [2- [4- [3- [4- [2- (Diethylamino) ethoxyl - 
benzyl 1 benzo lb} thiophen-2-yl 1 pbenoxy ] etbyl 1 pyrrolidine 
Dioxalate. 



Example 2, part D, the title confound was prepared in 91% 
yield from 4- [2- (diethylamino) ethoxy] phenyl 2-[4-[2-{l-pyrro- 
lidinyl ) ethoxy] phenyl 1 l>enzo [ Jb] thiophen-3 -yl ketone ( Part C ) . 
Flash chromatography ISi02; 80% THF in hexanes with 3% TEA 
25 (v/v) ] gave a white gunsny solid which was converted to the 
dioxalate salt following the method described in Example 1, 
part C- 

1h NMR (DMSO-d6) 5 7.99 (m/ IH) , 7.59 ( br d, J = 6.3 Hz, 
30 IH), 7.50 (d, cT = 8.3 Hz, 2H) , 7.36 (m, 2H) , 7.13 (d, J= 8.3 
Hz, 2H), 7.07 (d, J" =8.2 Hz, 2H) , 6.89 (d, J" = 8.3 Hz, 2H) , 




20 



By essentially following the procedure outlined in 
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4.38 (br s, 2H) , 4.27 (br. s, 2H) , 4.22 (br s, 2H) , 3.57 (br 
s, 2H), 3.44 (br s, 2H) , 3.35 (br. s, 4H) , 3.16 (dt, J ^ 7.1, 
6.7 Hz, 4H), 1.96 (br s, 4H) , 1.21 (t, J= 6.9 Hz, 6H) ; FDMS 
529 (M+1; Anal. Calcd for C33H40N2O2S-2C2H2O4-H2O: C, 61.14; 
5 H, 6.38; N, 3.85. Found: C, 61.04; H, 6.32; 3.61. 

Bxaaiple 20 

Preparation of (±> -6-Hydroxy-2- [4- (2- (1-pyrrolidlnyl) - 
ethoxy] phenyl] benzo [Jb] tliiophen-3-yl 4- t [ tranfl-2- ( 1- . 
10 Piperldyl ) cycloloiexyl] oxy] phenyl Ketone Dioxalate • 




•2C2H2O4 



o 



Part K. (±)-tran«-(l-Piperidyl)cyclohexan-2-ol, 



o 



H( 



To a solution of 41.63 g (0.30 mol) of K2CO3 in ca. 200 
15 mL of H2O was added 12.16 g (0.10 mol) of piperidine 

hydrochloride at 0 ^'C, followed by 10.1 mL (0.10 mol) of 
cyclohexene oxide. After 5 min at 0 **C, the ice bath was 
removed and the cloudy solution was stirred at room 
temperature overnight (18 h) . The mixture was then extracted 
20 with EtOAc (3 x 500 mL) which was washed with 200 mL of H2O 
and 200 mL of brine. The combined extracts were dried over 
MgS04, concentrated, and dried under vacuum to afford 3.64 g 
(20%) of the crude amine which was used without further 
purification for the following reaction. 
25 IR (KBr) 3435 cjxT'^' FDMS 184 (M+1) , 229 (100). 
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Part B. Methyl (±) -4- [ [ tr«ns-2- { 1-piporidyl) - 
cyclohexyl 1 oxy ] benzoate . 




o 



To a solution of methyl 4-hydroxybenzoate (1.476 g, 9.70 



5 mmol) in 175 mL of anhydrous THF was added 3.557 g (19.4 
mmol) of trans- (l-piperi^l)cyclohexan-2-ol, (Part A) , 
5.090 g (19.4 mmol) of triphenylphosphine and 3.10 mL (19.4 
mmol) of diethyl azodiceu:bo3^1ate at room temperature. The 
reaction mixture was stirred for 3 days and then concentrated 
10 iinder reduced pressure. The residue was purified by PrepLC 
(2.5 to 4% of (10% coned NH4OH in MeOH) in CH2CI2) to afford 
2.232 g (7.03 mmol, 73%) of an orange solid. 

rap 88-91 "^C; NMR {CDCI3) 5 7.97 (d, J= 8.8 Hz, 2H) , 6.92 
15 (d J = 8.9 Hz, 2H), 4.32 (td, J= 9.8, 4.2 Hz, IH) , 3.B8 (s, 
3H), 2.80-2.47 (m, 5H) , 2.23-2.15 (m, IH) , 2.07-1.92 (m, IH) , 
1.76 (m, 2H), 1.57-1.20 (m. lOH) ; FDMS 317 (M+) . 

Part (±)-4-[[traxis-2-(l-Piperidyl)- 
20 cyclolioxyl J oxy] benzoic Acid . 



A solution of methyl 4- [ [ trans-2- (l-piperidyl) - 
cyclohexyl] oxy] benzoate (Part B) (2.232 g, 7.03 mmol) and 
10.6 mL (10.6 mmol) of 1.0 N NaOH in 60 mL of 1:1 mixture of 

25 MeOH/THF was stirred at 80 °C for 20 h. The mixture was then 
cooled to room temperature, stirred for additional 7 h, and 
concentrated under reduced pressure- The residue was 
dissolved in 50 mL of 1.0 N HCl. This solution was extracted 
with 200 mL of EtOAc. The organic layer was washed with 200 

30 mL of water. The combined aqueous layers were cooled to 0 ^^C 




o 
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and neutralized with 15 mL of 2.0 N NaOH. They were then 
concentrated under reduced pressure and the residue was taken 
up in 10% MeOH in CH2CI2 and then filtered. The filtrate was 
concentrated and the residue was dried over P2O5 in a vacuum 
5 oven at 55 ^C. 

mp 264-266 (dec); NMR (DMS0-d5) S 7.79 (d, J = 7.7 Hz, 
2H), 6.87 (d, J= 8.1 Hz. 2H) , 4.40 (m, IH) / 2.65-2.55 (m, 
4H), 2.07 (m, IH) , 1 .77--1 . 58 (m, 3H) , 1.40-1.15 (m, IIH) ; 
10 FDMS 304 (M+l), 482 (base); Anal. Calcd for 

Ci8H25NO3-0.73NaCl: C, 62.47, H, 7.28, N, 4.05, Found: C, 
62.92, H, 7.47, N, 4.15. 

Part D. (±)-6-Mothoxy-2-[4-[2-{l-pyrrolidinyl>- 
15 ethoxy] phenyl ]benzo[i>] tliioph«n*3-yl 4- [ [trans- 2- (1- 
Plper idyl ) cyclohexyl ] oxy ] phenyl Ketone • 




1.698 g (5.60 inmol) of 4- [ [ trans-2- (1-piperidyl) cyclo- 
hexyl] oxy] benzoic acid (Part C) was dissolved in 30 mL of 

20 thionyl chloride at room teitperature. To this was added 434 
\XJj (5.60 mmol) of EMDF as a catalyst. Thje mixture was stirred 
for 3 days at room temperature. The thionyl chloride was 
removed xmder reduced pressure and the residue was treated 
with dry benzene to remove azeotropically the residual 

25 thionyl chloride and then placed under high vacuum. The 
crude acid chloride was suspended in 50 mL of anhydrous 
dichloroethane , and to this was added 1.799 g (5.09 mmol) of 
6-methoxy-2-- [4- [2- (1-pyrrolidinyl) ethoxy] phenyl Ibenzo [Jb] - 
thiophene (Example 1, Part B) . After cooling the slurry to 0 

30 ''c, aluminim bromide (6.79 g, 25.4 mmol) was added, producing 
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a dark red mixture. The ice bath was removed and the 
reaction mixture was stirred at room temperature for 6 h. 
The mixture was poured into 100 mL of cooled (0 ^'C) 2.0 N 
NaOH. The aqueous layer was extracted with EtOAc (3 x 400 
5 mL) . The combined organic layers were washed with 300 mL of 
brine, dried over MgS04, and concentrated under reduced 
pressure. The crude product was purified using PrepLC (8% of 
(10% coned NH4OH in MeOH) in CH2CI2) - 

10 mp 68-72 °C;, NMR (CDCI3) 8 7,76 (d, J= 8.9 Hz, 2H) , 7.49 
(d, J- = 8.9 Hz, IH), 7.36 (d, jr = 8,8 Hz, 2H) , 7.31 (d, J = 
2.4 Hz, IH), 6.94 (dd, J = 8-9 and 2.4 Hz, IH) , 6.78 (d/ J 
8.8Hz, 4H), 4.26 {td, J" = 9.8, 4.1Hz, IH) , 4.09 (t, J =5.8 
Hz, 2H), 3.88 (s, 3H) , 2.92 (t, J= 5.8 Hz, 2H) , 2.69 (m, 

15 7H), 2.50 (m, 2H) , 2.17-1.95 (m, 2H) , 1.84 (m, 4H) , 1.73 (m, 
2H), 1.50-1.15 (m, lOH) ; FEMS 639 (M+) ; Anal. Calcd for 
C39H46N2O4S: C, 73.32; H, 7.26; N, 4.38. Foimd: C, 73.03; 
H, 7.13; N, 4.29- 

20 Part E. (±)-€-Hydroxy-2-l4-[2-{l-pyrrolidinyl)- 

ethoxylphonyllbenzo[Jbl thiophen-3-yl 4--[ [exA2ZS-2- (1- 
Piperidyl ) cyclohexyl] bxy ] phenyl Ketone Dioxalate • 

The title compound was prepared from (±) -6-methoxy-2- [4- 
[ 2 - ( 1-pyrrolidinyl ) ethos^l phenyl 1 benzo [b] thiophen-3 -yl 
25 4--[ ttrans-2-{l-piperidyl)cyclohexyl]oxylphenyl ketone .(Part 
D) as a yellow solid by essentially following the procedures 
described in Exanple 21, Parts B and C. 

mp 140^-145*^ C; ^H NMR (DMSO-d^) 6 7 . 70 (d, J = 8 . 6 Hz, 2H) , 
30 7.38 (d, J- = 2.2 Hz, IH) , 7.34 (d, J- =8.6 Hz, 2H) , 7.24 (d, 
J- = 8.7 Hz, IH) , 7.06 (d, J = 8.7 Hz, 2H) , 6.95 (d, J = 8.7 
Hz, 2H) , 6.87 (d, J" = 10.9 Hz, IH) , 4.69 (m, IH) , 4.25 (m, 
2H), 3.50 (m, 2H) , 3.28 (m, 5H) , 3.09 (m, 2H) , 2.93 (m, 2H) , 
2.07 (m, 2H), 1.91 (m, 4H) , 1-80 - 1.20 (m, 12H) ; FDMS 624 
35 {M+); Anal. Calcd for C38H44N204S-2.87C2H204: C, 59.48; H, 
5.68; N, 3-17. Found: C, 59.45; H, 5.85; N, 3.35. 
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Example 21 



Preparation of (±) -S-Hydroxy-B- [4-- [ [traiifl-2- (1- 
plperidyl)cyclohexyl]oxy] benzyl] ~2- [4- [2- (1-pyrro- 
lldinyl ) ethoxy] phenyl ] benzo [ Jb] thiophene Di oxalate • 



5 




Part A. (±)-6-Methoxy-3-[4- [ [traiis-2- (1-piperidyl) - 
eye lohexyljoxyl benzyl] -2-[4-[2- ( 1 -pyrrol idinyl) - 
ethoxy] phenyl] benzo [b] thiophene . 



ethoxy] phenyl] benzo [b] thiophen-S-yl] 4- [ [ trans-2- (1- 
piperidyDcyclohexyljoxy] phenyl ketone (Example 20, Part D) 
{1.340 g, 2.10 mmol) in 21.0 mL of anhydrous THF was added 
dropwise 2.10 mL (2.10 iranol) of 1.0 M LiAlH4 in THF at 0 '^C. 

15 The reaction mixture was stirred for 1 h and 45 min while 

allowing the temperature to be raised to 20 ""c. The reaction 
was then quenched at 0 by addition of 80 jtL of H2O, 
followed l>y 80 |IL of 15% NaOH, and then an additional 240 JlL 
of H2O (Fieser workup) • This mixture was then filtered over 

20 a pad of silica gel and washed with THF. The filtrate was 
concentrated to dryness under reduced pressiure. The crude 
alcohol was dissolved in 21,0 mL of anhydrous CH2CI2 and 
cooled to 0 **C. To this was added 2.30 mL (14.7 ramol) of 
triethylsilcine, and the reaction mixture was stirred for 5 




10 



To a solution of 6-methoxy- [2- [4- [2- (l-pyrrolidinyl) - 
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min, followed by a dropwise addition of 1,60 mL (21.0 mmol) 
of trifluoroacetic acid. The ice bath was removed and the 
reaction mixture was stirred further for 3 h 45 min before 
being quenched with 25.0 mL of saturated NaHC03 at 0 **C. The 
5 layers were separated and the aqueous layer was extracted 
with EtOAc (3 x 200 mL) . The combined organic layers were 
dried over MgS04, concentrated under reduced pressure, cind 
purified by flash chromatography (silica gel, 57:40:3 
hexanes-THF-TEA) to afford 1.251 g (2.00 mmol, 96%) of a 
10 clear gel. 

1h NMR: (CDCI3) 5 7-41 (d/ J = 8.9 Hz, 2H) , 7.40 (d, J = 8.8 
Hz, IH), 7.31 (d, jr = 2.3 Hz, IH) , 7.03 (d, J= 8,4 Hz, 2H) , 
6.94 (d, J- = 8.8 H2, 2H) , 6.93 (m, IH) > 6.81 (d, J= 8.6 Hz, 
15 2H), 4.15 (m, 5H> , 3.86 (s, 3H) , 2.94 (t, J= 5.9 Hz, 2H) , 

2.85-2.55 (m, 9H) , 2.20-2.10 (m, 2H) , 1.83 (m, 4H) , 1.72 (m, 
2H) 1.58-1.48 (m, 4H) , 1.42-1.18 (m, 6H) ; FDMS 625 (M+) ; 
Anal. Calcd^for C39H48N2O3S: C, 74.96; H, 7.74; N, 4.48. 
Found: C, 75.00; H, 7.94; N, 4.35. 

20 

Part B. (±>-6-Hydroxy-3- [4- [ [ tra220-2- (l-piperidyl} - 
cyclohexyljoxy] benzyl] -2- [4- [2- (1 -pyrrol idinyl) - 
etboxy ] plienyl ]banzo [Jb] thiophane • 

O 



o 

25 To a solution of 1.150 g (1.84 mmol) (±) -6-methoxy-'3- [4- 

[ I trajis-2-' (1 -piper idyl) eye lohexyl] oxy] benzyl] -2-[4-[2-(l- 
pyrrolidinyl)ethoxy]phenyllbenzo[b] thiophene (Part A) in 20.0 
mL of anhydrous dichloroe thane at 0 **C was added 1.10 mL 
(14.7 mmol) of ethanethiol, followed by the addition of 

30 aluminum chloride (982 rog, 7.36 mmol) . The yellow biphasic 
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reaction mixture was allowed to warm to room temperature and 
stirred for 3 h. The reaction was quenched at 0 °C with 20 
mL of saturated aqueous NaHCOB- The aqueous layer was 
separated and extracted with EtOAc (3 x 200 inL) . The 
5 combined orgcuiic layers were washed with 150 mL of brine, 
dried over MgS04/ and concentrated tmder reduced pressure. 
The crude product was purified by using flash chromatography 
(silica gel, 60:37:3 THF-hexanes-TEA) to afford 1.067 g (1.75 
mmol, 95%) of a white solid. 

10 

mp 179-182 ""C; NMR (CDCI3) 5 7.30 (dd, J = 8.7, 1.9 Hz, 

2H), 7.07 (d, J = 2.2 Hz, IH) , 7.01 {d, J = 8.6 Hz, 2H) , 6.82 
(d, J =2,2 Hz, IH), 6.77 (m, 5H) , 4.14 (t, J =5.6 Hz, 2H) , 

4.12 (buried m, IH) , 4.10 (s, 2H) , 3.00 (t, J" = 5.5 Hz, 2H) , 
15 2.81 (m, 5H), 2.69 (m, 4H) , 2.14 (m, 2H) , 1.87 (m, 4H) , 1.71 
(m, 2H), 1.58 (m, 3H) , 1.38 (m, 3H) , 1.26 (m, 4H) ; FDMS 611 
(M+); Anal. Calcd for C38H46N2O3S: C, 74.71; H, 7.59; N, 

4.59. Found: C, 74.92; H, 7.80; N, 4.53. 

20 Part C. (±) -6 -Hydroxy- 3- [4- [ ttrajifl-2- (1-piporidyl) - 
cyclohexyl] oxy]benzyl] -2- [4- 12- (1-pyrrolidinyl) - 
ethoxy ] phenyl ] benzo [1>] tlLiophene Dioxalate • 

In approximately 4 mL of CHCl3-EtOAc (1:1) was dissolved 
14.7 mg (0.164 mmol) of oxalic acid. To this was added 

25 dropwise 50.0 mg (0.082 mmol) of (±)-6-hydroxy-3-t4-t [trans- 
2- (l-piperidyl)cyclohe3r/l]oxy]benzyll -2- [4- [2- (l-pyrro- 
lidinyl)ethoxy] phenyl] benzo [blthiophene (Part C) in 7 mL of 
CHCI3. A white precipitate was formed, and the slurry was 
sonicated for 30 min and filtered with EtOAc rinse. The 

30 precipitate was dried over P2O5 at 55 in a vacuum oven. 

mp 163-165 °C; ^H NMR (mSO-de) 8 7.44 (d, J = 8.5 Hz, 2H) , 
7.37 (d, J = 8.7 Hz, IH) , 7.27 (s, IH) , 7.09 (d, J = 8.6 Hz, 
2H), 7.04 (d, J- = 8.6 Hz, 2H) , 6.93 (d, J= 8.5 Hz, 2H) , 6.81 
35 (dd, J = 8.7, 2.1 Hz, IH) , 4,49 (m, IH) , 4.33 (br t, 2H) , 
4.12 (s, 2H), 3.51 (br t, 2H) , 3.28 (m, 5H) , 3.15 (m, 2H) , 
3.01 (m, 2H), 2.10 (m, 2H) , 1.92 (m, 4H) , 1.75-1.60 (m, 6H) , 
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1.55-1.40 (m, 3H), 1.26 (m, 3H) ; FDKS 611 (M+) ; Anal. Calcd 
for C38H46N2O3S-2.0C2H2O4-0.24CMC13: C. 61.90; H, 6.18; N, 
3.42. Fovind: C. 61.90; H, 5.99; N, 3.37. 

Example 22 

Preparation of (±) -6-Hyaroxy-2- [4- [2- (1-pyrrolidinyl) 
ethoxyl phenyl 1 benzo [I>1 thiophen-.3 -yl 6- [ I trans- 2 - ( 1- 
Plperidyl)cyclolieicyl]oacy]pyrid-3-yl Ketone* 



HO 




Fart A. {±) -6- 1 1 tx«n0-2- (1 -Piper idyl ) cyclohexyl] oxy J 
3 -py ridinecarboxylic Acid . 



Q 




The title con?)ovind was prepared from methyl (±)-6- 
[ [ trans-2- ( 1-piperid^l) cyclohexyl] oacyj -3-pyridinecarboxylate 
15 as an off-white solid by essentially following the procedure 
described in Exaxnple 20, Part C. 

1h NMR (DMS0-d5) 5 10.00 (m, IH) 8.73 (dd, J = 2.4, 0.5 Hz. 
IH), 8.21 (dd, J =8.7, 2.4 Hz, IH) , 7.04 (d, J = 8.6 Hz, 
20 IH), 5.35 (m, IH) , 3.60 (br t. IH) , 3.49 (br d, J = 11.6 Hz. 
IH), 3.40 (br d, J= 11.4 Hz, IH) , 3.18 (br q, IH) , 2.73 (br 
q, J= 11.2 Hz, IH), 2.48 (m, IH) , 2.23 (m, IH) , 2.10-1.83 
(m, 2H). 1.83-1.58 (m, 6H) , 1.45-1.12 (m, 4H) . 

25 Part B, (±) -6 -Hydroxy- 2- [4- [2- (1-pyrrolidinyl) - 

ethoxy]phenyl]benzo[b]thiopben-3-yl 6- 1 [tran»-2- { 1- 
PiperidyDcyclobexyl] oxylpyrid-3-yl Ketone. 
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The title compound was prepared in 29% yield from 
6-methoxy-'2- [4- [2- ( l~pyrrolidinyl ) ethoxyl phenyl J benzo [Jbl - 
thiophene (Example 1, Part B) and (±)-6-[[trans-2-(l- 
piperidyDcyclohexylloxy] -3-pyridinecarboxylic acid (Part A) 
5 by essentially following the procedures detailed in Example 
20, Parts D and 

Ir NMR (CDCI3) 5 8,32 (d, J" = 2.4 Hz, IH) , 7.70 (dd, J= 8.6, 
2.4 Hz, IH), 7.41 (d, vJ = 8.9 Hz, IH) , 7.30 (d, J = 2.1 Hz, 

10 IH), 7.06 (d, 8.6 Hz, 2H) , 6.81 (dd, 8.8, 2.2 Hz, 

IH), 6.62 (d, J = 8.6 Hz, 2H) , 6.44 (d, J =8.6 Hz, IH) , 5.22 
(m, IH), 4.07 (t, J = 5.4 Hz, 2H) , 3.00 (t, J = 5.4 Hz, 2H) , 
2.87-2.57 (m, 9H) , 2-20-2.00 (m, 2H) , 1.95-1.65 (m, 6H) , 
1.60-1.20 (m, lOH); FDMS 626 (M+) ; Anal. Calcd for 

15 C37H43N3O4S-0.59H2O: C, 69,83; H, 7.00; N, 6.60. Found: C, 
69.58; H, 6.73; N, 6.99- 



Bxample 23 

Preparation of (±> -6 -Hydroxy- 3- [6- [ t traa£r-2- (1- 
20 piperldyl) cyclohoxyl] oxylpyrid-3-yllmotliyl-2- [4- [2- (1- 
pyrrol idinyl ) ethoxy] phenyl] benzo Ibi thiophene 
Dioxalate* 




Part A. {±) -6-Hyaroxy-3- [6- [ [ traiis-2 - ( 1-piperldyl ) - 
25 eye lohexy 1 ) oxy ] py r id- 3 -y 1 1 methyl -2-[4-[2-(l -pyrro- 
lidinyl ) ethoxy ] phenyl ] benzo thiophene . 
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HO' 




ft. 

-° O 

o 



The title conqpound was prepared in 39% yield from 
6-hydroxy-2- [4- [2- (1-pyrrolidinyl) ethoxy] phenyl ]benzo lb] - 
thiophen-3 -yl 6- [ [ trans-2 - ( 1-piperidyl ) cyclohexyl ] oxy ] pyr id- 
5 3-yl ketone (Exaitple 22, Part B) by essentially following the 
procedures detailed in Example 21, Parts A and B. 

inp 170-174 °C; NMR {CDCI3) 5 7.89 (d, J = 2.2 Hz, IH) , 
7.31-7.21 (m, 4H), 7.03 (d, J^=2.1Hz, IH) , 6.80 (d, J =8.6 

10 Hz, 3H), 6.54 (d, J B.5 Hz, IH) . 5.11 (m, IH) , 4.14 (t, J = 
5.4 Hz, 2H), 4.05 (s, 2H) , 2.99 (t, J = 5.4 Hz, 2H) * 2-80 (m. 
5H), 2.59 (m, 4H) , 2-16 (m, 2H),'1.87 (m, 4H),'l.69 (m, 3H) , 
1.43-1.25 (m, 9H); FEMS 611 (M+) ; Anal. Calcd for 
C37H45N3O3S: C, 72.63; H, 7.41, N, 6.87. Foimd: C, 72,34, 

15 H, 7.64. N, 6.61. 

Part (±)-6-'Hydroxy-3- [6- [ [ tranfl-2- ( 1-piperidyl) - 

cy cl ohoxy 1 ] oxy ] py r i d- 3 - y 1 ] me thy l-2-[4-t2-(l - py r r o - 
lidlnyl ) ethoxy] phenyl] benzo [1>] thiophene Dioxalate . 

20 The title compound was prepared from (±) -6-hydroxy-3- [6- 

[ I trans-2- (1-piperidyl) cyclohexylloxy]pyrid-3-yl]methyl-2- [4- 
[2- (i-pyrrolidinyl)ethoxylphenyllbenzo[jbl thiophene (Part A) 
by essentially following the procedixres detailed in Example 
20, Part C. 

25 

wp 128--133 ''C (dec); ^H NMR (DMS0-d5) 5 7.93 (s, IH) , 7.47 
(dd, J = 8.7 Hz, 2.7 Hz, 2H) , 7.38 (m, 2H) , 7.27 (d, d = 2.0 
Hz, IH), 7.10 (d, iJ = 8.6 Hz, 2H) 6.83 (d, J= 8.6 Hz, IH) , 
6.77 (d, J= 8.4Hz, IH) , 5.13 (m, IH) , 4.35 (br t, 2H) , 4.14 
30 (s, 2H), 3.56 (br t, 2H) , 3.33-3.00 (m, 9H) , 2.12 (m, 2H) , 
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1.99-1.94 (m, 4H), 1.75-1,62 (m, 6H) , 1.28-1.17 {m, 6H) ; FDMS 
612 (M^); Anal, Calcd for C37H45N303S-2 .36C2H2O4 : C, 60.79; 
H, 6.08; N, 5.10. Found: C, 60.76; H, 6.25; N, 5.26. 



Preparation of 2- [4- [2- (1-Pyrrodinyl) ethoxy] phenyl] - 
3,4-dlliydronaplith-l-yl 4- [2- (l-Piperldyl)ethoxy] phenyl 
Ketone Dioxalate • 



10 Part A • 2 - ( 4 -Hydroxyphenyl ) - 3 , 4 -dihydronaphth- 1-yl 



The title compoiind was prepared in 95% yield from 2-{4- 
methoxyphenyl ) -3 , 4 -dihydronaphth- 1-yl 4- [2- ( 1-piperidyl ) - 
15 ethoxy] phenyl ketone by essentially following the procedure 
detailed in Example 21, Part B- 

mp 83-85 °C; % NMR (CDCI3) 8 7.75 (d, J = 8.7 Hz, 2H) , 
7.21 (d, J= 7-1 Hz, IH), 7.16-7.05 (m, 4H) , 6.94 (d, J = 7.8 

20 Hz, IH), 6.60 (d, J= 8.8 Hz, 2H) , 6.54 (d, J = 8,5 Hz, 2H) , 
4.01 (t, J" = 5,6 Hz, 2H), 3.03 (distorted t, 2H) , 2.81 (t, J 
= 8.4 Hz, 2H), 2.74 (t, i7 = 5.6 Hz, 2H) , 2.53 (br s, 4H) , 
1.61 (m, 4H), 1.43 (m, 2H) ; FDMS 453 (M+) ; Anal. Calcd for 
C30H3iNO3'0.56CH2Cl2: C, 73.24; H, 6.46; N, 2.79. Fo\ind: 

25 C, 73.27; H, 6.50; N, 2.72. 

Part 2- [4 - [2- (1-Pyrrolidinyl) ethoxy] phenyl] -3,4- 

dihydronaphth-l-yl 4- [2- ( 1-Piper Idyl) ethoxy] phenyl 
Ketone Dioxalate . 



5 



Bxaaq;»le 24 




4- [2- (1-Piperldyl) ethoxy] phenyl Ketone. 
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o 



2 C2H2O4 



To a solution of 731.0 mg {1.61 mmol) 2- {4-hydroxy- 
phenyl ) -3 , 4-dihydronaphth-l-yl 4- [2- ( 1-piperidyl ) ethoxy] - 
phenyl ketone (Part A) in 16.0 mL of anhydrous DMF at room 
5 temperature was added CS2CO3 (1-575 g, 4.83 iimiol) , followed 
by addition of 1- (2-chloroethyl) pyrrolidine hydrochloride 
(411 mg, 2.42 mmol). The light yellow slurry was then heated 
to 85 °C euid stirred for 3.5 h. The reaction mixture was 
cooled to room temperature and 80 mL of H2O was added. This 

10 mixture was extracted with EtOAc (3 x 100 mL) . The combined 
organic layers were wcished with 100 mL of brine, dried over 
MgS04, cuid concentrated under reduced pressure. The residue 
was purified by flash chromatography (silica gel, 60:37:3 
THF-hexanes-TEA) to afford 821.5 mg (1.49 mmol, 93%) of a 

15 yellow gel. The free diamine was then used to prepare the 
title conpound by essentially following the procedure 
detailed in Exaii5>le 21, Part C. 

rap 93-97 **C; NMR (DMSO-dg) 6 7.77 {d, J = 8.7 Hz, 2H) , 
20 7.26-7.01 (m, 5H) , 6-92 (d, J" = 8.8 Hz, 2H) , 6.80 (d, J = 8.7 
Hz, 2H), 6.68 (d, J= 1.1 Hz, IH) , 4.33 (br t, 2H) , 4.18 (br 
t, 2H), 3.45 (m, 2H) , 3.36 (m, 2H) , 3.25 (m, 4H) , 3.13 (m, 
4H), 2.99 (br t, 2H) , 2.72 (br s, 2H) , 1.87 (m, 4H) , 1.68 (m, 
4H), 1.46 (m, 2H); FDMS 551 (M+) , 641 (M + 1.0 C2H2O4) ; Anal. 
25 Calcd for C36H42N2O3 -2 .68C2H2O4: C, 62.72; H, 6.03; N, 3.54. 
Found: C, 62.32; H, 5.71; N, 3.64. 

Bxanple 25 

Preparation of 1- [4- [2- (l-Piparldyl>etlio3cy]bezizyl] -2- 
30 [4 - [2- (1-pyrrolidixiyl) ethoxy] phenyl] -3,4-dihydronaph- 
thalene Dioxalate. 
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o 



2 C2H2O4 



The title compound was prepared in 68% yield from 2-{4- 
[2- (1-pyrrolidinyl) ethoxyl phenyl] -3 , 4-dihydronaphth-l~yl 
4- [2- (l-piperidyl)ethoxylphenyl ketone by essentially 
5 following the procedures detailed in Exanqple 21, Parts A and 



mp 140-143 ^'C; NMR (DMSO-dg) 5 7.36 (d, J = 7.9 Hz, IH) , 
7.19-7.02 (m, 6H) , 6.94-6.79 (m, 5H) , 4.96 (s, 2H) , 4.24 (m, 
10 4H) , 3.36-3.30 (m, 7H) , 3.15 (m, 4H) , 3.05-2.90 (m, 3H) , 

2.80-2.55 (m, 2H) , 1.92 {m, 4H) , 1.72 (m, 4H) , 1.50 (m, 2H) ; 
FDMS 534 (M-2); Anal. Calcd for C36H44N2O2 -2 . OC2H2O4 : C, 
67.02; H, 6.75; N, 3.91. Found: C, 67.32; H, 6.69; N, 4.10. 

15 Bxaiiq;>le 26 

Preparation of 2- [4- [2- (1-Pyrrolidinyl) ethoxy] phenyl] - 

naphth-l-yl 4- [2- ( 1-Piperidyl) ethoxy] phenyl Ketone 
bioxalate. 



20 Part A. 2-(4-Hydro3cyphenyI)naphth-l-yl 4-[2-(l 
Plperidyl ) ethoxy ] phenyl Ketone • 



The title conpound was prepared in 92% yield from 2~(4- 
methoxyphenyl)naphth-l-yl 4- [2- (1-piperidyl) ethoxy] phenyl 
25 ketone t>y essentially following the procedure described in 
Exanqple 21, Part B. 



C. 
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167-170 °C; NMR (CDCI3) 5 7 . 98 (d, J = 8 . 5 Hz, IH) , 
7.91 (d, J =8.4 Hz, IH), 7.70 (d, J = 8.0 Hz, IH) 7.61-7,41 
(m, 5H), 7.17 (d, J= 8.5 Hz, 2H) , 6.69-6.59 (m, 4H) , 4.05 
5 (t, J = 5.6 Hz, 2H), 2.79 (t, J = 5.4 Hz, 2H) , 2.58 (br s, 
4H), 1.65 (m, 4H), 1.47 (m, 2H) ; FEMS 451 (M+) . 

Part B. 2- [4- [2*- (1-Pyrrolldinyl) ethoxy] phenyl Inaphth- 
l*yl 4- [2- (l-Fiperldyl)ethoxy]plienyl Ketone Dioxalate. 

10 The title compound was prepared from 2- (4-hydro3C/- 

phenyl)naphth«l-yl 4- [2-- (l-piperidyl)ethoxy]phenyl ketone in 
94% yield by essentially following the procedure detailed in 
Example 3, Part D and Gxainple 21, Part C. 

15 mp 95-100 °C; ^H NMR (DMSO-dg) 5 8.11 (d, *!= 8.6 Hz, IH) , 

8.03 (d, cJ = 8.0 Hz, IH), 7.58-7.40 (ro, 6H) , 7.29 (d, cT = 8.5 
Hz, 2H), 6.90 (d, J= 8.6 Hz, 4H) , 4.30 (br t, 2H) , 4.21 (br 
t, 2H), 3.47 (br t, 2H) , 3.34 (br t, 2H) , 3.27 (br s, 4H) , 
3.18-3.04 (m, 4H) , 1.88 (br s, 4H) , 1.67 (m, 4H) , 1.46 (m, 

20 2H); FI»1S 549 (M+) ; Anal. Calcd for C36H40N2O3 ■ 2 .27C2H2O4 : 
C, 64.66; H, 5.96; N, 3.72. Found: C, 64.22 H, 5.89; N, 
3.56. 



The title conpound was prepared in 71% yield from 2-t4- 
30 [2- (l-pyrrolidinyl)ethoxy]phenyllnaphth-l-yl 4- [2- (1- 

piperic^Dethoxy] phenyl ketone by essentially following the 
procedures detailed in Example 21, Parts A and C. 



Example 27 

25 Preparation of 1- [4- la-d-PiperidyDethoicylbenzyl] -2- 
[4 - [2 - ( 1-pyrrolidinyl) ethoxy] phenyl] naphtbalene 
Dioxalate • 
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mp 184-187 °C; NMR (EMSO-d^) 5 7.96 (d, J= 1,1 Hz, 
IH), 7.91 (d, J = 8.5 Hz, IH) , 7 . 85 {d, J = 7 , 7 Hz, IH) , 
7.50-7.40 (m, 3H) , 7.31 (d, J = 8.4 Hz, 2H) , 7.05 (d, J = 8.4 
Hz, 2H), 6.92 (d, J" = 8.5 Hz, 2H) , 6.82 (d, J ^ 8.7 Hz, 2H) , 
4.36 (s, 2H), 4.32 (br t, 2H) , 4.20 (br t, 2H) , 3.53 (m, 2H) , 
3.31 (m, 6H), 3.09 (m, 4H) , 1.93 (m, 4H) , 1.69 (m, 4H) , 1.50 
(m, 2H); FYMB 535 (M+) ; Anal. Calcd for C36H42N2O2-2.0C2H2O4: 
C, 67.21; H, 6.49; N, 3.92. Foiind: C, 66.93; H, 6.45; N, 
4.05. 

Eacample 28 

Praparation of 2-14- [2- {l-Pyrrolidinyl)othoxyl phenyl] - 
benzo [ 1>] thiopben- 3 -yl 4 - [2 - ( 1- Piper Idyl ) etboxy] phenyl 
Ketone Dioxalate • 




ro 



2 C2H2O4 



O 




Part K. 2- (4-Methoxyphenyl)benzo [2>] tliiophen-3-yl 
4 -Hydroxyphenyl Ketone • 

^ -OH 



A --0.5 M solution of sodium thioethoxide was prepared by 
20 adding ethanethiol (1.60 mL, 21.4 mmol) to a suspension of 
60% NaH dispersion in mineral oil (769 mg, 19.2 mmol) in 40 
mL of anhydrous DMF at 0 ^C. The ice bath was removed and 
the solution was stirred at room temperature for 30 min. The 
0.5 M solution of sodiiom thioethoxide was then added dropwise 
25 to the solution of 4.00 g (10.7 mmol) of 2- (4-methoxyphenyl) - 
benzo [b]thiophen-3-yl 4-methoxyphenyl ketone in 10.0 mL of 
anhydrous DMF at room tenqperature . The reaction mixture was 
heated at 85 for 3 h, then allowed to cool to room 
temperature, and acidified with 20 mL of 1.0 N HCl. To this 
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was added 200 mL of H2O and the mixture was extracted with 
EtOAc (3 X 400 irtL) . The combined organic layers were washed 
with 200 mL of brine, dried over MgS04, and concentrated 
under reduced pressure* The crude product was purified by 
5 PrepLC (30% EtOAc in hexanes) to afford 3.017 g of the title 
conpound (8-37 ramol, 78%) as a yellow foam. 

mp 76-77 ""C; NMR (CDCI3) 8 7.85 (m, IH) , 7.72 (d, J = 
8.7 Hz, 2H), 7.64 (m, IH) , 7.38-7.29 (m, 4H) , 6.76 (d, J= 
10 8.7 Hz, 2H), 6.68 (d, cT = 8.7 Hz, 2H) , 6.03 (br s, IH) , 3.75 
(s, 3H); FDMS 360 (M+) ; Anal. Calcd for C22HI6O3S: C, 73.31; 
H, 6.20. Found: C, 73.57; H, 4-60. 

Part B. 2-(4-Mathoaiyplienyl)benzo[Jb] thlophen-3-yl 
15 4- [ 2- (l-Plperldyl)ethoxy] phenyl Ketone. 




The title compound was prepared using 2--(4- 
20 methoxyphenyl)benzo[l)lthiophen'3-yl 4-hydro3Qphenyl ketone 

and l-(2-chloroethyl)piperidine hydrochloride in 81% yield by 
essentially following the same procedures detailed in 
Exanqple 24, Part B. 

25 np 41-44 °C; ^H NMR (CDCI3) 5 7.85 (m, IH) , 7.77 (d, J = 
8.8 Hz, 2H), 7.64 (m, IH) , 7.40-7.33 (m, 4H) , 6.77 (d, J= 
8.6Hz, 4H), 4.11 (t, J =5.8 Hz, 2H) , 3.76 (s, 3H) , 2.77 (t, 
J- = 5.8 Hz, 2H), 2.51 (br s, 4H) , 1.61 (m, 4H) , 1.44 (m, 2H) ; 
FIMS 471 (M+); Anal. Calcd for C29H29NO3S: C, 73.86; H, 

30 6.20, N, 2.97. Found: C, 73.90; H, 6.20; N, 3.14. 

Part C. 2- (4-Bydroacyphenyl)benzo[2>] thiophen»3*yl 
4 [ 2 - ( 1-Piper idyl ) ethoacy ] phenyl Ketone • 



wo 97/25033 



PCTAJS96/17995 



-118- 




O 



The title compoxmd was prepared from 2- (4-inethoxy- 
phenyl ) benzo [Jb] thiophen-3 -yl 4- [2 - ( 1-piperidyl ) ethoxy ] phenyl 
ketone in 93% yield as a yellow foam by essentially following 
5 the same procedure detailed in Example 21, Part B, 

100-103 ''C; NMR (CDCI3) 5 7-84 (m, IH) , 7.70 (m, 
IH), 7.68 (d, iJ = 8.9 Hz, 2H) , 7.34 (m, 2H) , 7.19 (d, J" = 8.7 
Hz, 2H), 6.62 (d, d = 8.9 Hz, 2H) , 6.58 (d, J = 8.6 Hz, 2H) , 
10 4.07 (t, J = 5.6 Hz, 2H), 2.78 (t, J = 5.6 Hz, 2H) , 2.57 (br 
s, 4H) , 1.64 (m, 4H) , 1.45 (m, 2H) ; FDMS 457 (M^) ; Anal. 
Calcd for C28H27NO3S: C, 73.49; H, 5.95; N, 3.06. Found: 
C, 73.76; H, 5.97; N, 3.07. 

15 Part D. 2- [4- [2- (1-Pyrrolidinyl) ethoxy] phenyl] - 

benzo [Jb] thiophen-3-yl 4- [2- (l-Piper Idyl) ethoxy] phenyl 
Ketone Dioxalate • 

The title conpound was prepared in quantitative yield 
from 2- (4 -hydroxyphenyl) benzo [Jb] thiophen-3 -yl 4-[2-(l- 
20 piperidyl) ethoxy] phenyl ketone (Part C) by essentially 

following the procedure detailed in Example 4, Part B, except 
using 1- (2 -hydroxyethyl) pyrrolidine, and Exanple 21, Part C. 

rap 86-90 **C; NMR (DMBO-d^) 5 8.06 (d, J = 7.8 Hz, IH) , 
25 7.70 (d, <7 = 8.7 Hz, 2H) , 7 .43-7 .35 (m, 5H) , 6.96 (d, J = 8.9 
Hz, 2H), 6.95 (d, J = 8.6 Hz, 2H) , 4.34 (br t, 2H) , 4.25 (br 
t, 2H), 3.48 (br t, 2H) , 3.37 (br t, 2H) , 3.27 (m, 4H) , 3.13 
(m, 4H), 1.89 (m, 4H) , 1.68 (m, 4H) , 1.47 (m, 2H) ; FDMS 555 
(M+); Anal. Calcd for C34H38N2O3S-2.0C2H2O4: C, 62.11; H, 
30 5.76; N, 3.81. Found: C, 61.81; H, 5.61; N, 3.53. 



Bxainple 29 
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Preparation of 3- [4- [2- (l-Plperidyl)otlioxy]bon2yl] -2- 
[4- [2- ( 1-pyrrolidinyl) ethoxy] phenyl ] benzo [1>] thiophene 
Dioxalate « 



[2- (1-pyrrolidinyl) ethoxy] phenyl) benzo [Jb] thiophen-3-yl 4- [2- 
(1-piperidyl) ethoxy] phenyl Icetone by essentially following 
the procedures detailed in Example 21, Parts A and C. 

10 nvp 188-191 ""C; NMR (DMSO-dg) 5 7.96 (m, IH) , 7.55 (m, 
IH), 7.50 (d, J= 7.9 Hz, 2H) , 7,34 (m, 2H) , 7.13 (d, J= 8.3 
Hz, 2H), 7.05 (d, J= 8.2 Hz, 2H) . 6-88 (d, 8.5 Hz, 2H) , 4.34 
(br t, 2H), 4.21 (m, 4H) , 3.55 (m, 2H) , 3.33 (m, 6H) , 3.11 
(m, 4H), 1.94 (m, 4H) , 1.70 (m, 4H) , 1.51 (m, 2H) ; FDMS 541 

15 {M+); Anal. Calcd for C34H40N2O2S-2. OC2H2O4: C 63.32; H, 
6-15; N, 3.89. Found: C, 63.03; H, 6.05; N, 3.81. 



Preparation of 3- [4- [2- (1-Piperidinyl) ethoxy] benzoyl] - 
20 2-[4-[2-( 1 -pyrrol Idlnyl ) ethoxy] phenyl ] benzo [b] thio«- 
phene-*6-carboxaaiide Dioxalate. 



Part A. 2^ [4- [ [ (1, 1-Diiiiethylethyl)di&ethylsilyl] - 
oxylphenyl] -6-hydroxybenzo [b] thiophen-3-yl 4- [2- (1 
25 Piperidinyl) ethoxy] phenyl Ketone. 




The title confound was prepared in 63% yield from 2-[4- 



Example 30 




o 
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To a solution of 30 g (58.8 rnrnol) of 6-hydroxy-2- (4- 
hydro3c/phenyl)benzolJb] thiophen-3-yl 4- (2- (1-piperidinyl) - 
ethoxyl phenyl ketone hydrochloride in 120 mL of anhydrous THF 
5 and 60 mL of anhydrous DMF was added 20 mL (144 iranol) of 
anhydrous triethylamine and 9.75 g (64.7 mmol) of tert- 
butyldimethylsilyl chloride under a nitrogen atiuosphere. The 
reaction mixture was heated at 60 in an oil bath for 4 h 
and then cooled to room ten^erature . The solution was 
10 diluted with 225 mL of toluene, filtered through a medium 
glass frit, and concentrated at reduced pressure. The 
residue was purified by PrepLC (0 to 4% MeOH in CH2CI2) to 
give 6.77 g (11.5 mmol, 20%) of a yellow foam. 

15 1h NMR (CDCI3) 5 7.67 (d, J = 8.8 Hz, 2H) , 7.45 (d, J = 

8-8 Hz, IH), 7.23 (m, 3H) , 6.83 (d, J = 8.8 Hz, IH) , 6.68 
(m, 4H), 4.18 (br s, 2H) , 2.96 (br s, 2H) , 2.72 (br s, 
4H), 1.75 (br s, 4H) , 1.51 (br s, 2H) , 0.93 (s, 9H) , 0.12 
(s, 6H); high resolution FDMS 588.2648 (M+) . 

20 

Part B. 2-[4'^[ [(Ifl-DimethylethyDaimethylsilyll- 
oxylphenyll -6- [ [ (trifluoromethyl) 8ul£onyl]oxy] - 
banzo thioplian-3-yl 4- [2- ( 1-Piperldlnyl) athoacy] - 
phanyl Katona • 



25 




To a solution of 6.0 g (10.2 mmol) of 2-[4-[[(l,l- 
dimethylethyl ) dimethyls ilyl ] oxy ] phenyl ] -6-hydroxyben20- 
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[b]thiophen-3-yl 4- [2- (l-piperidinyl)ethoxylphenyl ketone 
(Part A) in 60 mL of anhydrous dichloroethane was added 4.13 
g (40.8 rranol) of anhydrous triethylamine and 4.01 g (11.2 
mmol) of N-phenyltrifluoromethanesulfonimide under a nitrpgen 
atmosphere. The reaction mixture was stirred at room 
temperature for 4 h and then filtered through a cotton plug 
and concentrated at reduced pressure. The residue was 
chromatographed over silica gel (0 to 3% MeOH in CH2CI2) to 
give 7.20 g (10.0 ramol, 98%) of a brown foam. 



1h NMR (CDCI3) 6 7.82 (d, J = 9-0 Hz, 2H) , 7.75 (d, J = 
8.8 Hz, 2H), 7.32 (m, 3H) , 6.79 (d, J= 8,8 Hz, 2H) , 6.74 
(d, J = 8.6 Hz, 2H) , 4.20 (t, J = 5.6 Hz, 2H) , 2.91 (t, J = 
5.7 Hz/ 2H), 2.66 (br s, 4H) , 1.70 (m, 4H) , 1-53 (m, 2H) , 
15 0.98 (s, 9H), 0.17 (s, 6H) ; FDMS 719.7 (M+) - 

Part C. 2"-(4-Hydroxyphenyl)-3-C4-[2-{l-piperidixiyl)- 
ethoxy] benzoyl Ibanzo [b] thiopbono-6-carboxylic Acid 
Methyl Bster* 




20 MeOiC'^" 

To a solution of 3.7 mL of anhydrous DMF, 1.8 mL of 
anhydrous triethylamine, and 1,8 mL of anhydrous methanol was 
added 1.0 g (1.4 mmol) of 2- [4- [ t (1, l-dimethylethyl) - 
dimethylsilyl) oxy]phenyl] --6- [ I ( trif luoromethyl) sulf onyl] oxy] - 
25 benzo [b] thiophen-3-yl 4- [2- (l-piperidinyl) ethoxylphenyl 

ketone (Part B) at room temperature. To this were added 29.4 
mg (0,13 mmol) of Pd(II) acetate and 53.8 mg (0,13 mmol) of 
l,3-bis(diphenylphosphino) propane, and the flask was 
evacuated and then filled with carbon monoxide in a balloon. 
30 The reaction mixture was heated at 55 for 12 h lander a 
carbon monoxide atmosphere. After cooling the reaction 
mixture to room temperature, the solution was saturated with 



wo 97/25033 



PCT/US96A17995 



-122- 



nitrogen gas and then concentrated at reduced pressure. To 
this were added 5 itiL of THF and 4 mL of IN HCl, and the 
solution was stirred at room temperature for 3 h. The 
reaction mixture was treated with 10 mL of 2N ammonium 
5 hydroxide solution for an additional hour at room 

temperature. The solution was poured into a separatory 
funnel and the aqueous layer was saturated with sodium 
chloride and extracted three times with 50 mL portions of 
THF. The combined organic layers were washed with brine, 
10 dried with euohydrous sodi\im sulfate, and concentrated at 

reduced pressure. The residue was purified on silica gel (0 
to 10% MeOH in CH2CI2) to give 578 mg (1.1 mmol, 80%) of an 
orange foam. 

15 NMR {CDCI3) 5 8.62 (s, IH) , 8,07 (d. J= 8.5 Hz, IH) , 

7-92 (d, J= 8,5 Hz, IH) , 7.68 (d, J= 8.6 Hz, 2H) , 7.22 
{d, J = 8.2 Hz, 2H) , 6,69 (d, J = 8.6 Hz, 4H) , 4.25 (t, J = 
5.6 Hz, 2H), 4.01 (s, 3H) , 3.07 (t, J= 4.3 Hz, 2H) , 2.87 
(br s, 4H), 1.82 (br s, 4H) , 1.59 (br s, 2H) ; EDMS 516 

20 (M+) . 

Part D. 3- [4- [2- (l-Piporidinyl)ethoacyl benzoyl] -2- [4- 
[ 2 - ( 1 -pyrrol idinyl ) e thoxy ] phenyl ] benzo [ Jb] thiophene - 6 - 
carbos^llc Acid Methyl Ester. 



To a solution of 1.5 g (2.9 mmol) of 2-(4- 
hydroxyphenyl) -3- [4- [2- (1-piperidinyl) ethoxylbenzoyl] - 
benzo [Jb] thiophene-6-carboxylic acid methyl ester (Part C) and 
544 mg (3.2 mmol) of 1- (2-chloroethyl) pyrrolidine 
30 hydrochloride in 20 mL of anhydrous DMF was added 2,37 g (7.3 
mmol) of cesium carbonate at room temperature under a 
nitrogen atmosphere. The reaction mixture was heated at 



25 
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60 oc for 4 h and then cooled to room temperature and diluted 
with 125 mL of THF and 75 niL of water. The aqueous layer was 
saturated with sodium chloride and extracted twice with 50 mL 
portions of THF. The combined organic layers were washed 
5 with brine, dried with anl^^drous sodium sulfate, and 

concentrated at reduced pressure. The residue was purified 
on silica gel (1:1 MeOH/TEA (10%) in THF) to give 1.26 g (2.2 
mmol, 77%) of an orange-brown foam. 

10 1h NMR (CDCI3) 5 8-57 (s, IH) , 7.98 (dd. J= 8.6, 1.5 Hz. 
IH) , 7.77 (d. J = 8.8 Hz, 2H) . 7 . 66 (d, J = 8 . 5 Hz, IH) , 
7.38 (d, J= 8.8 Hz. 2H), 6.78 (dd, J= 8.7, 6.7 Hz. 4H) , 
4.18 (m, 4H), 4.01 (s, 3H) , 2.86 (t, J= 6.0 Hz, 2H) , 2.74 
(t, J= 6.0 Hz. 2H). 2.59 (m, 4H) , 2.47 (m. 4H) . 1.79 (m, 

15 4H), 1.58 (m, 4H), 1.48 (m, 2H) ; FEMS 614 (M+1) . 

tart B. 3-I4-[2-(l-Piperidinyl)othoxy]benzoYll-2-t4- 
1 2 - ( 1-pyrrolidinyl ) ethozy ] phonyll benzo lb} thioph«no- 6 - 
earboxaaide . 




20 ° 

To a solution of 4.37 g (7.1 mmol) of 3-t4-[2-{l- 

piperidinyl) ethoxy] benzoyl] -2- [4- [2- ( 1-pyrrolidinyl) ethoxy] - 

phenyl]benzo[Jb]thiophene-6-carboxylic acid methyl ester 

(Pco-t D) in 100 mL of methanol was added 35 mL of liquid 

25 anhydrous ammonia. The solution was sealed in a shaker and 

heated to 60 for 3 days. The solution was then saturated 

with nitrogen gas, concentrated at reduced pressure, and 

chromatographed on silica gel (1:1 TEA/MeOH in THF, 0 to 10%) 

to give 3,22 g (5.4 mmol, 76%) of a yellow-brown foam. 

30 
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1h NMR (CDCI3) 5 8.40 (s, IH), 7.72 (m, 4H) , 7.37 (d, J = 
8.6 Hz, 2H). 6.78 (dd, J= 8.1, 2.1 Hz. 4H) , 4.07 (in, 4H) , 
2.86 (t, J =5.6 Hz, 2H), 2.74 (t, J = 5.8 Hz, 2H) , 2.61 
(br s, 4H) . 2.48 (br s. 4H) , 1.80 (br s, 4H) , 1.59 (m, 4H) , 
5 1.43 (m, 2H); FDMS 597 (M+) . 

Part 7. 3-[4-[2-(l-Plperidinyl)ethoiQr]benzoyl]-2-(4- 
[2- (1-pyrrolldinyl) otboxyl phenyl ]b«nzo [Jb] thlopheiie-6- 

carboKamide Diozalate . 

10 A solution of 3-[4-[2-{l-piperidinyl)ethoxy]benzoyl]-2- 

[4- [2- (l-pyrrolidinyl)ethoxy] phenyl Ibenzo [b] thiophene-6- 
ceirboxamide (Part E) (131 mg, 0.219 mmol) in EtOAc (8 mL) was 
treated with a solution of oxalic acid (49.3 mg, 0.548 mmol) 
in EtOAc (8 mL) to form a white suspension. After filtration 

15 and drying, 135 mg (79%) of the title compound was obtained 
as a white solid. 

mp 87.0-93.0 oc; IR (KBr) 3420 (br) , 3359 (br) , 2681 (br) , 
1722. 1650. 1599 caT^; ^H NMR (DMSO-de) 5 9.20 (br s, 4H) , 

20 8.56 (s. IH), 8.06 (s, IH) , 7.83 (d, J= 8.5 Hz, IH) , 7.70 

(d, J = 8.3 Hz, 2H). 7.35-7.45 (m, 4H) , 6.96 (d, J= 8.3 Hz, 
4H), 4.26-4.38 (m, 2H) , 4.20-4.26 (m, 2H) , 3.40-3.50 (m, 2H) , 
3.30-3.38 (m, 2H) , 3.19-3.30 (m, 4H) . 3.02-3.18 (m, 4H) , 
1.82-1-92 (m, 4H), 1.62-1.72 (m. 4H) , 1.20-1.48 (m, 2H) ; FDMS 

25 m/e 598 (M+-C4H308) ; Anal. Calcd for C39H43N3O12S: C. 60.22; 
H, 5.57; N, 5.40; S, 4.12. Fovind: C, 60.07; H, 5.68; N. 
5.18; S, 4.02. 

Bxavpla 31 

30 Preparation of 3- [ [4- [2- (l-Plperldlnyl)atboacy]phenyl] 
methyl] -2o [4- [2- (1-pyrrolidinyl) ethoxylpbenylbeaao- 
[b] thiophene-6-aetbanaiBii&e Dioxalate . 
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(C2H204)2 



Part A. 3- [4- [2 -(l-Piporidinyl)etlio3cy] benzoyl] -2- [4- 
[ 2 - ( 1-pyrrolldiny 1 ) e thoxy ] phenyl 1 benzo t bl thiophene - 6 - 
carbonitrlla • 



5 




To a solution of 3.1 g (5.2 mmol) of 3-[4-[2-(l- 
piperidinyl) ethoxy] benzoyl] -2- [4- [2- (l-pyrrolidinyl) ethoxy] - 
phenyl ]benzo[Jb]thiophene- 6 -carboxamide (Exanple 30, Part E) 
in 75 mL of anhydrous THF was added 3.1 g (13.0 itimol) of 

10 (methoxycarbonylsulfamoyDtriethylaimonium hydroxide (inner 
salt) at room tenperature under a nitrogen atmosphere. The 
reaction mixture was stirred for 3 days and then filtered 
through a mediiam frit, concentrated at reduced pressure, and 
chrcanatographed on silica gel (1:1 TEA/MeOH in THF, 0 to 10%) 

15 to give 2-70 g (4.7 mmol, 90%) of a brown foam. 

1h NMR (CDCI3) 5 8.18 (s, IH), 7.72 (d, J = 8.9 Hz, 3H) , 
7.56 (d, J = 8.1 Hz, IH), 7.38 (d, J = 8.6 Hz, 2H) , 6.80 
,{t, = 8.3 Hz, 4H), 4.22 (br s, 4H) , 3.10 (br s, 2H) , 
20 2.89 (br s, 6H) , 2.64 (br s, 4H) , 1.95 (br s, 4H) , 1.70 
(br s, 4H), 1.43 (br s, 2H) ; FDMS 580 (M+) . 

Part B. 6-(Amiaomothyl)-'a- [4 - [2- (1 -piperidinyl) - 
ethoxy] phenyl] -2-14- 12- (1-pyrrolidinyl) ethoxy] phenyl] - 
25 benzo [b] thiophene-3 -methanol • 
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To a solution of 1.35 g (2.3 nmiol) of 3- [4- [2^(1- 
piperidinyl) ethoxy] benzoyl] -2- [4- [2- (l-pyrrolidinyl) ethoxy] - 
phenyllbenzo[b] thiophene-6-carbonitrile (Part A) in 30 mL of 
5 cinhydroujs THF tinder a nitrogen atmosphere was added 414 mg 
(11,6 ramol) of lithiiun aluminum hydride. The reaction was 
stirred for 2,5 hoiirs at room temperature and then quenched 
with 5 mL of ethyl acetate and 5 mL of saturated aqueous 
potassium sodium tartrate for 16 h. The reaction mixture was ' 
10 poured into 50 mL of water, saturated with sodium chloride, 

and extracted with three 50 mL portions of THF. The combined 
organic layers were washed with brine, dried with anhydrous 
magnesium sulfate, and concentrated to give 1.32 g (95% crude 
yield) of a brown foam. 

15 

1h NMR (CDCI3} 8 7.68 (m, 2H) , 7.38 (d, J = 8.6 Hz, 2H) , 
7.31 (d, J = 8.6 Hz, 2H>, 7.08 (d, J - 8.4 Hz, IH) , 6.88 
(d, J = 8.7 Hz, 2H), 6-81 (d, J= 8.7 Hz, 2H) , 6.17 (s, 
IH), 4.05 (m, 4H), 3.87 (s, 2H) , 2.86 (t, J= 5.9 Hz, 2H) , 
20 2.72 (t, J= 6.1 Hz, 2H) , 2.57 (br s, 4H) , 2.47 (br s, 4H) , 
1.75 (br s, 4H), 1.57 (m, 4H) , 1.43 (br s, 2H) . 



Fart C. 3-[[4-[2-(l-Piperldliiyl)ethoxy]phenyl]- 
methyl] -2- [4- [2- (l-pyrrolidinyl)etlioxy]pli0nyll - 
25 benzo Ibi thiopheM- 6*metlianamine • 




wo 97/25033 



PCnyUS9d/17995 



-127- 



To a solution of 1.32 g (2.3 mmol) of 6- (aminomethyl) -a- 



[4- [2- (l-piperidinyl)ethoxy]phenyl] -2- [4- [2- (1-pyrrolidinyl) - 
ethoxy] phenyl ]benzo[Jb]thiophene-3 -methanol in 40 mL of 
anhydrous dichloroethane at 0 was added 1.84 g {15.8 mmol) 
5 of triethylsilane and 2-62 g (23.0 mmol) of trif luoroacetic 
acid, respectively, under a nitrogen atmosphere. After one 
hour at 0 *^C, the reaction was warmed to room temperature and 
stirred for 24 h. The reaction was quenched with 10 mL of 
satiirated aqueous sodium bicarbonate and poured into 30 mL of 

10 water. The aqueous layer was saturated with sodium chloride, 
separated from the dichloroethane layer, and extracted with 
three 50 mL portions of THF. The combined organic layers 
were dried over einhydrous magnesixam sulfate and concentrated 
at reduced pressure to give 786 mg {60% crude yield) of a 

15 brown foam. This material was carried on to the salt in 
Part D. 

Part D. 3-1 t4-[2-(l-Piporidillyl)otlioxylplienyll- 
metlxyl] -2-C4-t2 - (1-pyrrolidinyl) ethoxyl phenyl 1 - 
20 banzo[i>] tliiophene-6-iiiethanamine Dioxalate. 



3- [ [4- [2- (1-Piperidinyl) ethoxy] phenyl] methyl] -2- [4- [2- 
( 1-pyrrolidinyl) ethoxy] phenyl ]ben2o [b] thiophene-6-methanamine 
(Part C) was dissolved in 50 mL of ethyl acetate and added to 
25 a solution of 100 mg of oxalic acid in 30 mL of ethyl 

acetate. After adding 10 mL of ether to the solution, the 
precipitate was filtered to give 1.05 g (99%) of a white 
solid. 

30 140-142 OQ; NMR (DMSO) 5 8.04 (s, IH) , 7.58 (d, J = 

8.3 Hz, IH), 7.47 {d, J = 8.8 Hz, 2H) , 7.41 {d, J= 8.3 Hz, 
IH), 7.09 {d, J = 8.7 Hz, 2H) , 6.99 {d, J= 8.6 Hz, 2H) , 
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6.83 (d, J= 8.6Hz, 2H) , 4.20 (m, 4H) , 4.13 (s, 2H) , 4.06 
(t, J = 5.6 Hz, 2H), 3.17 (t, J = 5.3 Hz, 2H) , 2.92 (br s, 
4H), 2.86 (t, J- 5.6 Hz, 2H) , 2.64 (br s, 4H) , 1.81 (br 
s, 4H), 1.55 (m, 4H), 1-41 (d, J = 5.1 Hz, 2H) ; FEMS 570,4 
5 (M+). 



Example 32 

Preparation of 3- [ 14- [2- (l-PlperidinyDethoxylphenyl] - 
nethyl] -2- [4 - 12- {l-pyrrolldinyDetboxyl phenyl] - 
10 benzo Ihl thlophene* 6 -methanol Dloxalat e . 



<C2H202)2 



Part A. a(3) - [4- [2- (l-PiperidinyDetlioxylpbenyll -2- 
[ 4*- [ 2 - ( 1-pyrrolidlnyl ) ethoxy ] phenyl ] benzo [b] thlophene- 
3 , 6-dimethanol • 





15 

Diisobutylaluminum hydride (1.0 M in toluene, 3.59 mL) 
was added dropwise to a stirred solution of 3-[4-[2-(l- 
piperidinyl) ethoxy] benzoyl] -2- [4 - [2- (l-pyrrolidinyl) ethoxy) - 
phenyl ] benzo [Jb]thiophene-6~cart>oxylic acid methyl ester (550 

20 mg, 0.898 mmol) in anhydrous THF (6 mL) at 0 under argon. 
The mixture was stirred at 0 for 1.5 h. Methanol (2 mL) 
and saturated aqueous potassium sodium tartrate solution (15 
mL) were sequentially added to the mixture, and the resultant 
two-layered solution was stirred vigorously at arhbient 

25 tenperature for 2 h. The mixture was extracted with a mixed 
solvent of ethyl acetate/THF (1:1, 30mLx2). The combined 
organic layers were dried over MgS04, filtered, and 
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concentrated to give 496 mg (crude yield 94%) of the diol as 



Ir NMR (CDCI3) 5 7,79 (s, IH), 7.68 (d, J = 8.4 Hz, IH) , 7-36 
5 (d, J= 8.5 HZ, 2H)> 7,24 (d, J= 8.4 Hz, IH) , 7.13-7.19 (m, 
2H), 6.84 (d, J - 8.6 Hz, 2H) , 6.79 (d, J = 8.5 Hz, 2H) , 6.17 
(s, IH), 4.72 (s, 2H), 3.98-4.08 (m, 4H) , 3.25 (br s, IH) , 
2.90 {t, J = 5.8 Hz, 2H), 2.76 (t, J = 5.8 Hz, 2H) , 2.60-2.68 
(m, 4H), 2.45-2.55 (m, 4H) , 1.78-1.85 (m, 4H) , 1.55-1.65 (m, 
10 4H), 1.38-1.46 (m, 2H) . 

Part B. 3-1 [4- [2- (l-Piperidinyl)ethoxyl phenyl] - 
methyl] -2- [4- [2- ( 1-pyrrolidinyl) ethoxy] phenyl Ibenzo- 
[b] thiophene- 6 -methanol Dloxalate • 



Triethylsilane (0.946 mL, 5.92 inmol) and trif luoroacetic 
acid (0.652 mL> ,8.46 mmol) were added consecutively to a 
stirred solution of a(3)-I4-[2-{l-piperidinyl)ethoxy)- 
phenyll -2- [4- [2- (l-pyrrolidinyl) ethoxy] phenyl Ibenzo [Jb] - 

20 thiophene-3,6-diinethanol (Part A) (496 mg, 0.846 inraol) in dry 
1,2-dichloroetliane (5 mL) at 0 under argon atmosphere, and 
the resultant solution was stirred at 0 for 6 h. After 
dilution with THF (25 inL) , the mixture was washed with 
saturated aqueous NaHC03 (15 mL) and the aqueous layer was 

25 extracted with THF (15 mL) . The combined organic layers were 
washed with brine (15 mL) , dried over MgS04, filtered, and 
concentrated. The gwnmy residue was chromatographed on 
silica [gradient TEA/i-PrOH (1:2) 0-4% in THF] to isolate 110 
mg (23%) of the free base as a gum. The free base was then 

30 dissolved in EtOAc (5 mL) and treated with a solution of 

oxalic acid (39.9 mg, 0.443 mmol) in EtOAc (5 mL) to form a 



a guun. 



15 
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white suspension. After filtration and drying, 120 mg (83%) 
of the title coinpound was obtained as a white solid. 

rap 102.0-106.0 <^C; IR (KBr) 3410 (br) , 2700 (br) , 1725 cin"l; 
5 1h NMR (IMS0-d6) 5 1,40-1.50 (in, 2H) , 1.60-1.70 (m, 4H) , 

1.85-1.95 (m, 4H), 3.00-3.18 (m, 4HK 3.22-3.40 (m, 6H) , 
3.45-3.53 (m, 2H) , 4.15 (s, 2H) , 4.18-4.25 (m, 2H) , 4.25-4.35 
(m, 2H), 4.55 {s, 2H) , 6.82 (d, J= 8.3 Hz, 2H) , 6.98 (d, J= 
8.3 Hz, 2H), 7.07 (d, J = 8.5 Hz, 2H) , 7.23 (d, J = 8.2 Hz, 
10 IH), 7.43 (d, cT = 8.5 Hz, 2H) , 7.46 (d, 8,2 Hz, 1H>,7.84 

(s, IH) , 8.60 (br s, 4H) ; FDMS m/e 571 (M+-C4H3O8) ; Anal. 
Calcd for C39H46N2O11S: C, 62.38; H, 6.17; N, 3.73; S, 4.27. 
Found: 62.63; H, 6.36; N, 3.91; S, 4.07. 



15 RauuB^le 33 

Preparation of 6 -Hydroxy- 3- I€f- [2 - (1-pyrrolldinyl) - 
ethojcy]pyrid-3-yliftOthyl] -2 - £4 - [2 - (1-pyrrolidinyl) - 
athoxy ] phenyl ] benzo lb} thiophene Dioxalate • 



2 C2H2O4 



20 Part X. 6-Metlioxy-2-[4-I2-(l-pyrrolidinyl)ethoxyl- 
phenyl 1 benzo [Jb] thlophen-3-yl 6-Chloropyrid-3-yl 
Ketone • 



25 





MeO 



The title conpound was prepared from 6-inethoxy-2- [4- [2- 
( 1-pyrrolidinyl ) ethoxy] phenyl ] benzo [Jb] thiophene {Exairple 1 , 
Part B) and 6-chloronicotinic acid in 51% yield (based on 
6-inethoxy~2- [4- [2- ( 1-pyrrolidinyl) ethoxy] phenyl ] ^ 
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benzo[Jblthiophene) by essentially following the proceedures 
described in Example 1, Part C. 

Part 6-Mothoxy-2- [4- [2- (Ipyrrolidinyl) othoxy] - 

5 phenyl] ben2o[blthiophan-3-yl 6- [2- (l-Pyrrolidinyl> - 
e thoxy ] pyr id- 3 -yl Ketone . 



The title conqpound was prepared in 84% yield from 
6-methoxy-2- [4- [2- (1-pyrrolidinyl) ethoxy] phenyl Ibenzo [b] - 
10 thiophen-3-yl 6-chloropyrid-3-yl ketone (Part A) and 

l-( 2 -hydroxyethyl) pyrrolidine by essentially following the 
procedures described in Exanple 9, Part B. 

FDMS 572 (M+1; 100); Anal. Calcd for C33H37N3O4S: C, 69.33; 
15 H, 6.52; N, 7.35. Found: C, 69.10; 6.76; N, 7.08. 

Part 6-Methoxy-3- [6- [2- (l-pyrrolidinyl) ethoxyl - 

pyrid-3-ylmethyll -2-14- [2- (l-pyrrolidinyl) ethoxy] - 
phenyl ]ben2o[l>]thiophene Dioxalate Hemihydrate • 



The title was prepared in 37% yield from 6-inethoxy-2- [4- 
t2- (l-pyrrolidinyl) ethoxy] phenyl Ibenzo [b] thiophen-3-yl 6- [2- 
{ l-pyrrolidinyl) ethoxy] pyr id-3-yl Icetone (Part B) by 
essentially following the procedure described in Example 3, 



MeO 




20 




2 C2H2O4 



Part E. 
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FDMS 558 (M4l; 100); T^al. Calcd for C33H39N3O3S. 2C2H2O4- 0.5 
H2O: 59.51; H, 5.94; N, 5.63. Pound: C, 59.39; H, 5.76; 

N, 5.76. 

5 Part D. 6-Hydroxy-3-I6- t2-(l-pyrroliainyl)- 
etlloxy]pyrid-3-ylmotllyll -2- [4- [2- (1-pyrrolidinyl) - 
ethoxy] phenyl ] benzo [ Jb] th.lophene Dioxalate • 

The title conpound was prepared in 59% yield from 
6-methoxy-3- [6- [2- (1-pyrrolidinyl) ethoxy]pyrid-3-ylinethyll - 
10 2- [ 4 - [ 2 - { 1-pyrrolidinyl ) ethoxy ] phenyl] benzo [Jb] thiophene 

(Part C) by essentially following the procedure described in 
Example 1, Part D. 

1h NMR (IMSO-de) 5 7.88 (d, J= 1.8 Hz, IH) , 7.43-7.32 (m, 
15 4H), 7,23 (d, cJ = 2.1 Hz, IH) , 7.07 (d, J= 8.4 Hz, 2H) , 6.78 
(dd, J= 8.4 and 2.1 Hz, IH) , 6.71 (d, J= 8.6 Hz, IH) , 4.42 
(t, J= 4.9 Hz, 2H), 4.30 (t, J= 4.6 Hz, 2H) , 4.09 (s, 2H) , 
3-53 (t, J= 4-3 Hz, 2H), 3-46 (t, *7 = 4.6 Hz, 2H) , 2-50-2.33 
(m, 8H), 1.96-1.73 (m, 8H) ; FDMS: 544 (M + 1; 100). 



20 



Example 34 

Preparation of 6-Hydroxy-3- [4- [ (1-pyrrolidinyl) - 
methyl] benzyl] -2- [4- t (1-pyrrolidinyl) methyl] phenyl] - 
benzo [ Jb] thiophene Dioxalate • 




25 2(C2H204) 

Part A. l-Bromo-4- [ ( 1-pyrrolidinyl) methyl] benzene • 

Br- 



0 



Pyrrolidine (20.0 mL, 0.240 mole) was added to a stirred 
solution of 4-bromobenzyl bromide (10.0 g, 40.0 mmol) in 
30 anhydrous CH2CI2 (20 mL) at 0 '^C under nitrogen- The 

resultant solution was allowed to stir at room temperature 
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for 1 h. The reaction mixture was diluted with EtOAc (150 
mL) before it was washed with half -saturated aqueous NaHC03 
(50 mL) . After drying over MgS04, filtration, and 
concentration, the oily residue was chromatographed on silica 
5 [20% EtOAc in hexanes, then 10% EtOH/Et3N (2/1) in 
THF/hexanes (1/1)1 to provide 9.02 g of the benzyl 
pyrrolidine (94%) as an oil. 

IR (neat) 2966,1488 cm^^; NMR (CDCI3) 6 1.79 (br s, 4H) , 
10 2.49 (br s, 4H) , 3.57 (s, 2H) , 7.21 (d, J= 8.2 Hz, 2H) , 7.43 
(d, *J = 8.2 Hz, 2H) ; 

Part B . 2-Dimethyla]iilno*6«-metlxoxyb«nzo Ibl thiophen- 3 - 
y 1 4 - I ( 1-Pyrrolidinyl ) methyl ] phenyl Ketone . 



4- (Chloromethyl) benzoyl chloride (105 mg, 0.558 ramol) 
was added to a stirred solution of 2-dimethylamino-6- 
methoxybenzo[b]thiophene (105 mg, 0.507 mmol) in 
chlorobenzene (1 mL) under nitrogen. The resultant mixture 

20 was heated in an oil bath at 110 for 2.5 h- The mixt\ire 
was cooled to 0 <^C, treated with pyrrolidine (5 mL) , then 
allowed to stir at room tenqperature for 2 h. After dilution 
with THF (20 mL) , the mixture was washed with saturated 
aqueous NaHC03 (5 mL) . Uie organic layer was dried over 

25 M&SO4, filtered, concentrated, and chromatographed on silica 
[gradient 20-40% EtOAc in hexanes, then 0-10% EtOH/Et3N (2/1) 
in THF/hexanes (1/1)1 to give 148 mg (74%) of the ketone as a 
foam. 

30 IR (neat) 2957, 1625, 1603 cm-^; ^H NMR (CDCI3) 5 1.83 (br s, 
4H), 2.53 (br s. 4H) , 2,87 (s, 6H) , 3.69 (s, 2H) , 3.83 (s, 
3H), 6.81 (dd, J= 9.0 and 3.0 Hz. IH) , 7.12 (d, J= 3.0 Hz. 
IH), 7-36 (d, J = 9.0 Hz, 1 H) , 7.41 (d, J = 8.1 Hz, 2H) , 
7.82 (d, J = 8.1 Hz. 2H); FDMS m/e 394 (M+) . 



15 
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Part C. 6-Methoxy-2- [4- [ (l-pyrrolidinyl) methyl] - 
phenyl]benzo[i>] tliioplien-3-yl 4- [ (l-Pyrrolldinyl) - 
methyl ] phenyl Ketone . 

MeO 

5 

The aryl bromide of Part A (146 mg, 0.608 mmol) was 
added to a stirred suspension of magnesium ribbons (13.9 mg, 
0.570 mmol) in anhydrous THF (2 mL) under argon atmosphere, 
followed by the addition of a small iodine crytal. The 

10 resultant mixtture was heated in an oil bath at 60-65 ^ for 2 
h to form a homogeneous Grignard solution. The Grignard 
solution was cooled to room temperature before it was added 
to a stirred solution of the benzothiophene of Part B (150 
mg, 0.380 mmol) in anhydrous THF (2 mL) at 0 under argon 

15 atmosphere. The resultant mixture was stirred at 0 for 
1.5 h, then quenched with saturated aqueous NH4CI (3 mL) . 
After extraction with EtOAc (15 mL x 2) , the combined organic 
layers were dried over MgS04, filtered, concentrated, and 
chroma tographed on silica [gradient 0-4% EtOH/EtsN (2/1) in 

20 THF/hexanes (1/1)] to give 170 mg (88%) of the trisxibstituted 
benzothiophene as a foam. 

IR (neat) 2964, 1647, 1603 cm"!; NMR {CDCI3) 5 1.77 (br s, 
8H), 2.40-2.50 (m, 8H) , 3.52 (s, 2H) , 3.55 (s, 2H) , 3.91 (s, 
25 3H), 7.05 (dd, J = 8.9 and 2.3 Hz, IH) , 7.17 (d, J = 8.1 Hz, 
2H), 7.22 (d, tJ = 8.2 Hz, 2H) , 7.32 (d, J- =8.1 Hz, 2H) , 7.34 
(d, J = 2.3 Hz, IH) , 7.65 (d, J = 8.9 Hz, IH) , 7.70 (d, J = 
8.2 Hz, 2H); FEMS m/e 510 (M+) . 

30 Part D. 6-Methoxy-3- [4- [ (1-pyrrolldlnyl) methyl ] - 
benzyl] -2-(4- [(l-pyrrolidinyl)methyl]ph6nyl]benzo- 
Il>] thiophene • 
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DIBAL-H (0.911 mL, 1 M in toluene) was added to a 
stirred solution of the ketone of Part C (310 mg, 0.607 imnol) 
in anhydrous CH2CI2 (4 mL) at 0 under nitrogen atmosphere, 
5 and the resultant solution was stirred at 0 for 40 min. 
The reaction mixture was treated sequentially with MeOH (0.5 
mL) and saturated aqueous Rochelle's salt solution (10 mL) , 
and then the two-layered solution was stirred vigorously at 
room temperatiire for 1 h. After extraction with EtOAc (50 

10 mL), the organic layer was dried over MgS04# filtered, and 
concentrated to yield 280 mg of the corresponding alcohol. 

T?he above alcohol was dissolved in anhydrous CH2CI2 (3 
mL) and cooled down to 0 before it was sequentially 
treated with Et3SiH {0.611 mL, 3.83 mmol) and TFA (0.421 mL, 

15 5.46 mmol) . The resultant mixture was stirred at 0 for 1 
h. After cautious treatment with saturated aqueous NaHC03 (8 
mL) , the mixture was allowed to warm to room temperature and 
extracted with EtOAc (15 mL x 2) . The combined organic 
layers were dried over lfcrS04, filtered, concentrated;: and 

20 chromatographed on silica [gradient 0-4% EtOH/Et3N (2/1) in 
THF/hexanes (1/1)] to give 220 mg (81%) of the corresponding 
methylene compound as a foam. 

IR (neat) 2963, 1603 cm-^; NMR (CDCI3) 6 1,75-1.87 (m, 
25 8H), 2.45-2.60 (m, 8H) , 3.57 (s, 2H) , 3.64 (s, 2H) , 3.87 (s, 
3H), 4.24 (s, 2H), 6.90 (dd, J- = 8.9 and 2.4 Hz, IH) , 7.09 
(d, J =8.0 Hz, 2H), 7.21 (d, J'=8.0Hz, 2H) , 7.33 (d, c7 = 
2.4 HZ, IH) ,1 7.35 (d, J = 8.2 Hz, 2H) , 7.39 (d, J = 8.9 Hz, 
IH), 7.45 (d, cT = 8-2 Hz, 2H) ; FDMS m/e 496 (M+) . 



Part E. 6-Hydroxy-3- [4- [ (l-pyrrolidinyDmetiliyl] - 
benzyl ] - 2 [ 4 - [ ( 1-pyrrol idiny 1 ) methyl ] phenyl ] benzo- 
( b] thlophene Dioxalat e • 



wo 97/25033 



PCTAJS96/17995 



-136- 

AICI3 (354 mg, 2.66 iranol) was added to a stirred 
solution of the methoxy benzothiophene (220 mg, 0.443 mmol) 
in anhydrous CH2CI2 (5 mL) at room temperature under nitrogen 
atmosphere. The resultant suspension was stirred for 3-5 min 
5 before it was treated with EtSH (0.295 mL, 3.99 mmol), and 
the mixture was stirred for an additional 35 min. After 
dilution with THF (15 mL) , the mixture was cooled to 0 and 
sequentially treated with saturated aqueous NaHC03 (15 mL) 
and saturated aqueous Rochelle's salt solution (10 mL) . The 
10 two-layered solution was stirred vigorously for 70 min. The 
organic layer was separated and the aqueous layer was 
extracted with THF (25 mL x 2) . The combined organic layers 
were dried over MgS04, filtered, concentrated, and 
chromatographed on silica [gradient 0-4% EtOH/Et3N (2/1) in 
15 THF/hexanes (1/1)1 to give 205 mg (96%) of the hydroxy 
benzothiophene as a foam. 

A solution of oxalic acid (76.5 mg, 0.850 mmol) in EtOAc 
(4 mL) was added dropwise to a stirred solution of the above 
hydroxy benzothiophene in EtOAc (4 mL) . The resultant white 
20 suspension was filtered and the white solid was dried at 80 
under vacuum to provide 240 mg (85%) of the dioxalate. 

IR (neat) 3400-2500 (br) , 1721, 1600 cm"l; NMR (CDCI3) 6 
1.75-1.95 (m, 8H), 2.95-3.20 (m, 8H) , 4.17 (s, 2H) , 4.21 (s, 

25 2H), 4.26 (s, 2H) , 6.81 (dd, J 8.7 and 2.1 Hz, IH) , 7.11 
(d, J =7.9 Hz, 2H), 7.28 (d, J = 2.1 Hz, IH) , 7.35 (d, J = 
7.9 Hz, 2H), 7.37 (d, J= 8,7 Hz, IH) , 7.50 (d, iJ = 8.1 Hz, 
2H), 7.56 (d, «J = 8.1 Hz, 2H) ; FDMS m/e 483 (M+I-2C2H2O4) ; 
Anal. Calcd for C31H34N2OS • 1 . 8C2H2O4 : C, 64.46; H, 5.88; N, 

30 4.34. Found: C, 64.17; H, 5.92; N, 4.47. 

Example 35 

Preparation of 6-Hydroxy-2- [4- [ ( 4 -morpholinyl) methyl] - 
phenyl] benzo [Jb] thiophen-3-yl 4- I ( 1-Pyrrolidinyl ) - 
35 methyl] phenyl Ketone Dioxalate. 
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20 




2(C2H204) 

Part A. 4- [ ( 4 --Bromophenyl) methyl Imorpholine. 



o 



Following the procedure of Exainple 34, Part A, the 
5 benzyl morpholine was obtained as an oil in 100% yield. 

IR (KBr) 2803, 1487, 1111 cm~l; % NMR (CDCI3) 6 2.43 (t, J = 
4-5HZ, 4H), 3.45 {s, 2H) , 3.71 (t, J =4.5 Hz, 4H) , 7.22 (d, 
J = 8.1 Hz, 2H), 7.45 (d, J ^ 8.1 Hz, 2H) ; FDMS m/e 255 {M+, 
10 "^^Br) and 257 {M+, ®^Br) ; Anal. Calcd for CiiHi4BrN0: C, 

51.58; H, 5.51; N, 5.47. Found: C, 51.77; H, 5.66; N, 5.68. 

Part B. 6-Mothoxy-2- [4- [ (4-morpholinyl)mothyll - 
phenyllbenzo [Jb] thiophen-3-yl 4- [ (1-Pyrrolidinyl) - 
15 methyl] phenyl Ketone « 




MeO ^ i5 I JL N 



Following the procedure of Example 34, Part C, the 
trisubstituted benzothiophene was obtained from the above 
aryl bromide as a foam in 88% yield. 



IR (neat) 2954, 1649, 1602 cm"^; ^H NMR (CDCI3) S 1.77 (br s, 
4H), 2.35 (br s, 4H), 2.40 (br s, 4H) , 3.39 (s, 2H) , 3.56 (s, 
2H), 3.68 (t, cr=4.2Hz, 4H) 3.92 (s, 3H) , 7.02 (dd, iJ = 8.7 
and 2.1 Hz, IH) , 7.14-7.37 (m, 7H) , 7.64 (d, 8.7 Hz, IH) , 
25 7.70 (d, 7.8 Hz, 2H) ; FDMS m/e 527 (M+1) . 
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Part C . 6 -Hydroxy -2 - £ 4 - I ( 4 -morpholiny 1 ) methyl ] - 
phenyl] benzo Ibl thiopheii-3*yl 4 - [ ( 1- Pyrrol idinyl} - 
methyl] phenyl Ketone Dioxelate. 

Following the procedure of Example 34, Part E, the 
5 hydroxy ketone was obtained as a yellowish solid in 55% 
yield. 

IR (KBr) 3420 (br) , 2990 (br) , 2830-2200 (br) . 1641, 1608 
cm-l-; 1h NMR (DMSO-d6) 5 1.79 (br s, 4H) . 2.37 (br s, 4H) , 
10 2-53 (br s, 4H) . 3.39 (s, 2H) , 3.60 (s, 2H) , 3.68 (t, J = 4.2 
Hz, 4H), 6.40 (dd, J = 8.7 and 2.1 Hz, IH) , 6.69 (d. J= 2.1 
Hz, IH), 7.12 (d, J= 8.1Hz, 2H) 7.21-7.25 (m, 4H) , 7.43 (d, 
J = 8.7 Hz. IH), 7.67 (d, J = 7.8 Hz. 2H) ; FDMS ai/e 513 (M+1- 
2C2H2O4) . 

15 

Batanple 36 

Preparation of 6-Bydroiv2- [4- [ (4-Borpholinyl)ai«thyl] - 
phenyl] -3- [4- [ ( 1-pyrrolldlnyl) methyl] benzyl ] - 
benzo [b] fchiophene Dloxalate. 

20 2(C2H204) 

Part A. 6-Methoxy-2- [4- t (4-morpholinyl)methyll - 
phenyl ] - 3 - [ 4 - [ ( 1 -pyrrol idiny 1 ) methyl ] benzyl ] - 
benzo [b] thiophene . 




25 Following the procedure of Example 34, Part D, the 

methoxy benzothiophene was obtained from the above ketone as 
a foam in 57% yield . 

IR (neat) 2958, 1603 cm"l; % NMR (CDCI3) 5 1.76-1.80 (m, 
30 4H), 2.37-2.50 (m, 8H) , 3.53 (s, 2H) , 3.57 (s, 2H) , 3.73 (t. 
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4-8 Hz, 4H) 3.87 (s, 3H) , 4.25 (s, 2H) , 6.90 (dd, J= 8.7 
and 2.4 Hz, IH) , 7.10 (d, J= 8.1 Hz, 2H) , 7.18-7.41 (m, 6H) , 
7.45 (d, J = 8.1 Hz, 2H); FDMS jn/e 513 (M+1) . 

5 Part B. 6-Hyaroxy-2-I4-I(4-iiiorpliolinyl)motbyl]- 
phonylJ-3- [4 - [ (l-pyrrolidiiiyl)methyll benzyl] - 
benzo [b] tbiophana Dioxalate • 

Following the procedure of Example 34, Part E, the 
hydroxy benzothiophene salt was obtained as a white solid in 
10 57% yield. 

IR (KBr) 3445 (br) , 2950, 2840-2220 (br) , 1720, 1630, 1600 
CTi-l; 1h NMR (DMS0-d6) 5 1-88 (br s, 4H) , 2.56 (br s, 4H) , 
3.13 (br s, 4H), 3.61 (br s, 4H) , 3.70 (s, 2H) , 4.22 (br s, 
15 4H), 6.79 (dd, J = 8.4 and 2.0 Hz, IH) , 7.13 (d, J = 7.5 Hz, 
2H), 7.27 (d, J ^ 2.0 Hz, IH) , 7.34-7.44 (m, 7H) ; FDMS m/e 
499 (M+I-2C2H2O4) ; Anal. Calcd for C3iH34N202S- 2C2H2O4 : C, 
61.93; H, 5.64; N, 4.13. Foxind: C, 62.09; H, 5.77; N, 3.96. 

20 Example 37 

Preparation of 3- I3-Brotto-4- [ (l-pyrrolidinyl) - 
methyl 1 benzyl 1-6 -liydroxy-2 - [ 4 - 1 2 - ( 4 -mbrpholiny 1 ) - 
ethojcy ] pbenyl ] benzo [b] thlophene Dioxalate • 



25 Part A. Methyl 3-BrQmo-4- 1 (l-pyrrolidinyl)methyll - 
benzoate . 



AIBN (79 mg) was added to a stirred suspension of methyl 
3-broino-4-methylbenzoate (11.0 g, 48.0 ininol) and NBS (10.3 g, 
30 57.6 mmol) in CCI4 (400 mL) , and the resultant mixture was 



Br 




2CC2H2O4) 



Br 
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heated to reflxix for 2 h. After cooling to room temperature, 
the mixture was diluted with hexanes (200 mL) before it was 
filtered and concentrated to give 14.7 g {crude yield 100%) 
of methyl 3-bromo-4- (bromomethyl)benzoate. 
5 Part of the crude dibromide (14.7 g) was dissolved in 

anhydrous CH2CI2 (60 mL) . The solution was cooled to 0 
and treated with pyrrolidine (9.96 mL, 119 mmol) , then it was 
allowed to stir at room temperature for 2 h. The reaction 
mixture was diluted with EtOAc (500 mL) , washed with half- 
10 saturated aqueous NaHCOs (100 mL) , dried over MgS04, 

filtered, cuid concentrated to give an oily residue. The 
crude product was chroma tographed on silica [gradient 0-10% 
EtOH/Et3N (2/1) in THF/hexanes (1/1)] to provide 6.45 g of 
the pyrrolidinyl ester (45%) as an oil. 

15 

IR (neat) 2953, 1728, 1602 axT^; % NMR (CDCI3) Si. 82 (br s, 
4H), 2.61 (br s, 4H) , 3.77 (s. 2H) , 3.92 (s, 3H) , 7.59 (d, J 
= 8.0 Hz, IH) , 7.95 (dd, J = 8.0 and 1.4 Hz, IH) , 8.20 (d, J 
= 1.4 Hz, IH); FDMS m/e 297 (M+, ''^Br) and 299(M+, S^Br) - 

20 

Part 3-Bromo-4- [ (1-pyrrolidinyl) methyl] benzoic 

Acid Hydrochloride. 




LiOH (32.4 mL, 1 N) was added to a stirred solution of 
25 the above ester (6.45 21.6 mmol) in THF (75 mL) / MeOH (25 
mL) , and the resultant solution was heated in an oil bath at 
50 for 3 h. After cooling to room tenperature, the 
solution was treated in portions with 5 N HCl (22 mL) , and 
then concentrated at 50 under vacuum to give 8.20 g (crude 
30 yield 99%) of the benzoic acid as a white solid contaminated 
with LiCl. 

IR (KBr) 3397 (br) , 2924, 2679-2000 (br) , 1713, 1634, 1464 
cm-l;lH NMR (IMSO-de) 61.94 (br s, 4H), 2.95-3.70 (m, 4H) , 
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4.54 (s, 2H), 7.92 (d, J= 8.1 Hz, IH) , 8.10 (s, IH) , 8.12 
(d, J = 8.1 Hz, IH) . 

Part C. 6-Methoxy-2- [4- [2- (4-]Borpholinyl)et:]ioxy] - 
5 phenyl ] benzo thiophena • 

CS2C03 (4.89 g, 15.0 iranol) was added to a stirred 
solution of 2- (4^hydroxyphenyl) -6-methoxybenzo [Jb] thiophene 
(1.10 g, 4.29 inmol) and 4- (2-chloroethyl)morpholine 

10 hydrochloride (3.20 g, 17.2 mmol) in anhydrous IMF (10 mL) . 
The resultant suspension was heated in an oil bath at 75 
for 4 h. After cooling to room temperature, the mixture was 
diluted with EtOAc (60 mL) , washed with half --saturated 
aqueous NaCl solution (20 mL) , dried over MgS04, filtered, 

15 and concentrated to give a solid residue. Chromatography on 
silica [gradient 0-15% EtOH/Et3N (2/1) in THF/hexanes (1/1)] 
provided 1.43 g of the ether (90%) as a solid. 

IR (KBr) 2940, 1606 cm"!; ^H NMR (CDCI3) 52.61 (t, J= 4.6 
20 Hz, 4H), 2.84 (t, J = 5.7 Hz, 2H) , 3.76 (t, 4.6 Hz, 4H) , 

3.84 (s, 3H), 4.17 (t, J = 5.7 Hz, 2H) , 6.96 (d, J = 8.6 Hz, 
2H) , 6.98 (dd, J- = 8.6 and 2.2 Hz, IH) , 7.30 (d, J = 2.2 Hz, 
IH), 7.35 (s, IH), 7.60 (d, J= 8.6 Hz, 2H) , 7.63 (d, J" = 8.6 
Hz, IH); FDMS jn/e 369 (M+) , 



Part D. 3-Bromo-4- 1 (1-pyrrolldinyl) methyl] phenyl 
6 -Me thoxy- 2 -[4-C2-(4 -morphol Iny 1 ) 0 thoxy ] phenyl ] » 

benzo [i>] thlophen-3 -yl Ketone . 

Br 



MeO 



30 Oxalyl chloride (1.11 mL, 12.7 mmol) was added to a 

stirred suspension of the above benzothiophene (812 mg, 2.53 
mmol) in anhydrous CICH2CH2CI (6 mL) , followed by the 
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addition of 2 drops of DMF, The suspension was stirred at 
room temperature under nitrogen atmosphere for 6 h, then it 
was concentrated to dryness under vacuum at 50 <^C. 

To the crude benzoyl chloride suspended in anhydrous 
5 CH2CI2 (5 mL) was added a solution of the benzothiophene of 
Pctrt C above (624 mg, 1.69 mmol) in anhydrous CH2CI2 (10 mL) . 
The mixture was cooled to 0 ^C, treated with AICI3 (1.35 g, 
10.1 mmol), and stirred for 1 h. THF (10 mL) was added to 
the mixture at 0 ^C, followed by the slow, sequential 

10 additions of saturated aqueous NaHC03 (30 mL) and saturated 
aqueous Rochelle's salt solution (10 mL) . Then the two- 
layered solution was stirred vigorously for 70 min. The 
organic layer was separated and the aqueous layer was 
extracted with EtOAc (60 mL x 2) . The combined organic 

15 layers were washed with brine (25 mL) , dried over MgS04, 
filtered, concentrated, and chroma tographed on silica 
[gradient 0-20% EtOH/EtaN (2/1) in THF/hexanes (1/1)1 to give 
695 mg (65%) of the ketone as a foam. 

20 IR (neat) 2961, 1645, 1606 cm"!; NMR (CDCI3) 5l,80 (br s, 
4H) , 2.52-2.57 (m, 8H) , 2.76 (t, .7= 5.7 Hz, 2H) , 3.66 (s, 
2H), 3.72-3.89 (m, 4H) , 3.91 (s, 3H) , 4.04 (t, «J = 5.7 Hz, 
2H), 6.75 (d, J = 8.7 Hz, 2H) , 7.20 (dd, iJ = 8.9 and 2.3 Hz, 
IH), 7.25-7.30 (m, 2H) , 7.34 (d, jr = 2.3 Hz, IH) , 7.38 (d, J 

25 = 7.9 Hz, IH), 7-62 (dd, J = 7.9 and 1.6 Hz, IH) , 7.68 (d, J 
= 8.9 Hz, IH), 7.91 (d, J = 1.6 Hz, IH) ; FI»iS m/e 634 (M+, 
■^^Br) and 636 (M+, ^Isr) . 

Part E* 3- [ 3 -Bromo-4- [ (l-pyrrolldinyl) methyl] benzyl ] - 
30 6-methoxy-2- [4- [2- (4-morphollnyl) ethoxy] phenyl Ibenzo- 
[Jb] thiophene • 



MeO 
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Following the procedure of Exaii5)le 34, Part D, the 
corresponding methylene confound was obtained as a foam in 
86% yield. 



5 IR (neat) 2958, 1608 cnT^; FJMS m/e 621 (M+1, ^^Br) and 623 
(M+1, SlBr) . 

Part F. 3- [ 3 -Bromo-4 -[ (1-pyrrolidinyl) methyl] banzyl] - 
6 -hydroxy- 2- [4- [2- (4-morpholinyl)ethoxylphenyll - 
10 benzo [i>] thiophane Dioxalata « 

Following the procedure of Example 34, Part E, the 
hydroxy benzothiophene salt was obtained as a white solid in 
55% yield - 

FDMS m/e 607 {M+1, "'^Br) and 609 (M+1, 8lBr) , 

Example 38 

Preparation of 6-Hydroxy-3- [3-methyl-4- I (1- 

pyrrol idiny 1 ) methyl ] benzyl l-2-[4-[2-(4 -morphol iny 1 ) - 

athoxy] phenyl] benzo [b] thiophene Dioxalata » 

Me 




2(C2H204) 

Part A, 6-Methoxy-3- [3 -methyl -4- [ (1 -pyrrol idiny 1) - 
methyl] benzyl] -2- [4- [2- ( 4 -moarpholinyl ) ethoxy] phenyl] - 
benzo [b] thiophene • 

Me 




25 A sealed tube containing a stirred mixture of the aryl 

bromide of Example 37, Part £, (283 mg, 0.456 mmol) , 
tetramethlytin (0.316 mL, 2.28 mmol), and tetrakis(triphenyl- 
phosphine) palladium (0) (16 mg, 0.014 mmol) in o-xylene (5 roL) 
was heated in an oil bath at 155 for 1 h, A black 



wo 97/25033 



PCTAJS96/17995 



-144- 

V 

precipitate was formed. The mixture was cooled to room 
temperature and subjected to chromatography on silica 
[gradient 0-20% EtOH/Et3N (2/1) in THF/hexanes (1/1)] to give 
94 mg (37%, low yield attributed to spill) of the 
5 corresponding aryl methyl compound as a foam. 

IR (neat) 2957, 1608 cai"^; NMR (CDCI3) 5 1.78 (br s, 4H) , 
3.30 (s, 3H) , 2-54-2*61 (m, 8H) , 2.82 (t, l7 = 5.7 Hz, 2H) , 
3.57 (s, 2H), 3.75 (t, J" = 4.5 Hz, 4H) , 3.87 (s, 3H) , 4.14 
10 (t, J= 5,7 Hz, 2H) , 4.18 (s, 2H) , 6.88-6.96 (m, 4H) , 7.18 
(d, J= 7.9 Hz, IH), 7.32-7.44 (m, 5H) ; FEMS m/e 556 (M+). 

Part B. 6-Hydroxy-3- [3 -methyl -4- [ (1-pyrrolidlnyl) - 
metiliyl] benzyl] -2- [4- [2- (4-morplioli&yl) ethoxy]phenyl] - 
15 benzo [b] tblophene Dioxalate . 

Following the procedure of Exanqple 34, Part E, the 
hydrox/ benzothiophene salt was obtained as a white solid in 
55% yield. 

20 IR (KBr) 3455 (br) , 2970, 2840-2220 (br) , 1723, 1630 (br) , 
1610 cm-^l; ^H NMR (DMSO-dg) 5 1,79-1.89 (m, 4H) , 2.27 (s, 

3H), 2.63-2.71 (m, 4H) , 2.90-3.12 (m, 6H) , 3.55-3.63 (m, 4H) , 
4 •13-4. 24 (m, 6H) , 6.88-7.04 (m, 5H) , 7.28-7.39 (m, 5H) ; FDMS 
m/e 543 (M+1) . 

25 

Bxaaple 39 

Preparation of 6-Hydroxy-2- [4- 12- (1-pyrrolidinyl) - 
ethyl ] phenyl] benzo [b]t2iiophen-3-yl 3-Methyl-4- [ (1- 

pyrrolidinyl ) methyl ] phenyl Ketone Dioxalate • 

Me 




30 2(C2H204) 

Part A. l-Bromo-4- [2- (1-pyrrolidlnyl) ethyl] benzene. 
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Methanesulfonyl chloride (2.12 mL, 27.4 iranol) was added 
to a stirred solution of 4-bromophenethyl alcohol {5,00 g, 
24.9 mmol) and anhydrous pyridine (2.21 mL, 27.4 ininol) in 
5 anhydrous CH2CI2 (25 mL) at 0 xinder nitrogen atmosphere. 
Upon the con^>letion of the addition the mixture was allowed 
to stir at room temperature for 8 h. Then the reaction 
mixture was cooled to 0 and treated with pyrrolidine (10.4 
mL, 124 mmol) . After stirring at room temperature for 2 h, 
10 the mixture was diluted with EtOAc (120 mL) , washed with 
half -saturated NaHCOs (30 mL) , dried over MgS04, filtered, 
concentrated, and chromatographed on silica [gradient -0-10% 
EtOH/Et3N (2/1) in THF/hexanes (1/1)] to give 5.37 g (85%) of 
the substituted pyrrolidine as an oil. 



15 



20 



IR (CHCI3) 2933, 1489 cm'^; NMR (CDCI3) 5 1.80 (br s, 4H) , 
2.56 (br s, 4H) , 2.64-2.80 (m, 4H) , 7.10 (d, J = 7.8 Hz, 2H) , 
7.40 (d, J= 7.8 Hz, 2H) ; PDMS m/e 253 (M+, '^^Br) and 255 (M+, 
8lBr) . 

Part B. 2-Dimetliylamlno-6- (m6thoxy)benzo [Jb] thlophen- 

3-yl 3-Mathyl-4- [ (1-pyrrolidinyl) methyl] phenyl Ketone. 

Me 



MeO 



Oxalyl chloride (2.57 mL, 29.5 mmol) was added to a 
25 stirred suspension of 3-methyl-4-[ (1-pyrrolidinyl) methyl J- 
iDenzoic acid hydrochloride (1.76 g, 5.90 mmol) in anhydrous 
CICH2CH2CI (12 mL) , followed by the addition of 2 drops of 
DMF. The suspension was stirred at room temperature under 
nitrogen atmosphere for 6 h, then it was concentrated to 
30 dryness under vacuum at 50 ^C. 

To the crude benzoyl chloride obtained and suspended in 
anhydrous chloro]3enzene (10 mL) was added 2-dimethylamino-6- 
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inethoxybenzo[b] thiophene (1.02 g, 4.92 iranol. The resultant 
mixture was heated in an oil bath at 110 for 2 h. After 
cooling to room temperature, the mixture was diluted with 
EtOAc (80 mL) , washed with saturated NaHC03 (25 mL) , dried 
5 over MgS04, filtered, concentrated, and chromatographed on 
silica [gradient 0-10% EtOH/EtsN (2/1) in THF/hexanes (1/1)] 
to give 1.50 g (75%) of the ketone as a foam. 

IR (CHCI3) 2950, 1547, 1601 cm-^; NMR (CDCI3) 5 1.81 (br s, 
10 4H), 2.39 (s, 3H), 2.56 (br s, 4H) , 2.89 (s, 6H) , 3.65 (s, 
2H), 3.83 (s, 3H), 6.80 (dd, J= 9.0 and 2.4 Hz, IH) , 7.12 
(d, J- = 2.4 Hz, IH), 7.32 (d, J = 9.0 Hz, IH) , 7.39 (d, J = 
8:1 Hz, IH), 7.63 (d, i7 = 8.1Hz, IH) , 7.69 (s, IH) ; FIMS m/e 
408 (M+); Anal. Calcd for C24H28N2O2S: C, 70.56; H, 6.91; N, 
15 6.86. Found: C, 70.75; H, 7.15; N, 6.91. 

Part C. 6-Nethoxy-2- [4- (2- (l-pyrrolldinyl)ethyl] - 
phenyl] benzo[l>] thiophene 3 -yl 3-Methyl-4- [ (1- 
pyrrolidinyl ) mefchyl] phenyl Ketone • 



Following the procedure of Example 34, Part C, the 
tristobstituted benzothiophene was obtained from the aryl 
bromide of Part A above and the amino benzothiophene of Part 
B above as a foam in 96% yield. 



IR (CHCI3) 2964, 1647, 1603 cm"!; NMR (CDCI3) 8 1.75-1.82 
(m, 8H) 2.25 (s, 3H) , 2.44 (br s, 4H) , 2,51-2.61 (m. 6H) , 
2.71-2,76 (m, 2H) , 3.53 (s, 2H) , 3.90 (s, 3H) , 6.99 (dd, J= 
8.7 and 2.1 Hz, IH) , 7.05 (d, J = 8.1 Hz, 2H> , 7.23 (d, J = 
30 7.8 Hz, IH), 7,29-7.34 (m, 3H) , 7.52 (d, J= 7.8 Hz, IH) , 
7.58 (s, IH), 7,60 (d, J= 8.7 Hz, IH) ; FDMS m/e 538 (M+) ; 
Anal- Calcd for C34H38N2O2S: C, 75.80; H, 7.11; N, 5.20. 
Found: C, 75.67; H, 7.10; N, 5.25. 



Me 



20 




25 
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Part D. 6-Hydroxy-2- (4- 12- (l-pyrrolidinyl) ethyl] - 
phenyllbenzo lb] thiophon-3-yl 3-Mothyl-4- [ ( 1- 
pyrrolldinyl ) methyl ] phenyl Retione Dloxalate • 

5 Following the procedure of Example 34, Part E, the title 

conpo\md was obtained as a yellowish solid in 77% yield, 

IR (KBr) 3420 (br) , 2970, 2850-2300 (br) , 1721, 1641, 1607 
cm-l; NMR (DMS0-d6) 8.1.83 (br s, 4H) , 1-88 (br s, 4H) , 

10 2.26 (s, 3H), 2.81-2.91 (m, 6H) , 3.21 (br s, 6H) , 4.07 (s, 

2H) , 6.88 (dd, J = 8.7 and 2.1 Hz, IH) , 7.17 (d, J ^ 8.0 Hz, 
2H), 7.26 (d, J= 8.0 Hz, 2H) , 7.33-7.39 {m, 3H) , 7.46 {d, J 
= 8.7 Hz, IH), 7.54 (s, IH) ; FDMS m/e 525 {M+-2C2H2O4) ; Anal. 
Calcd for C33H36N202S-2C2H2O4: C, 63.05; H, 5.72; N, 3.97. 

15 Found: C, 63.24; H, 6.02; N, 4.22. 

Exaisple 40 

Preparation of 6-Hydroxy-3- [3-methyl-4- [ (l-pyrro- 

1 idiny 1 ) methyl 1 benzyl l-2-[4-[2-(l -pyrrol idinyl ) ethyl ] - 

20 phenyl ] benzo [Jb] thiophene Dloxalate • 

Me 



25 




2(C2H204) 

Part A, 6-Methoxy-3- I3-methyl-4- [ (1-pyrrolidinyl) - 
ethyl 1 benzyl l-2-t4-[2-( 1-pyr rolldlny 1 ) ethyl ] phenyl 1 - 
benzo [b] thiophene » 




MeO 



Following the procedure of Exairple 34, Part D, the 
methylene cotnpound was obtained from the ketone of 
Example 39, Part C, as a foam in 67% yield. 
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IR (KBr) 2953, 1601 cm-^; NMR {CDCI3) 5 1.77 (br s, 4H) , 
1.83 (br s, 4H), 2.29 (s, 3H) , 2.51 (br s, 4H) , 2.60 (br s, 
4H) , 2.70-2.75 (m, 2H) , 2.85-2.88 (m, 2H) , 3.54 (s, 2H) , 3.88 
(s, 3H), 4.20 (s, 2H), 6.88-^6.95 (m, 3H) , 7.17 (d, J= 7.8 
5 Hz, IH), 7.24 (d, J =8.1 Hz, 2H) , 7.32 (d, jr=2.lHz, IH) , 
7.38-7.45 (m, 3H) ; FDMS m/e 524 (M+) ; Anal. Calcd for 
C34H40N2OS: C, 77.82; H, 7.68; N, 5.34. Found: C, 78.03; H, 
7.58; N, 5.54. 

10 Part B. 6-Hydroxy-3- [3-metliyl-4- [ (1-pyrrolldinyl) - 

methyl] benzyl] - 2- [4 - [2- ( 1-pyrrolldinyl) ethyl] phenyl] - 

benzo [b] thlophene Dioxalate • 

Me 



25 




2(C2H204) 

Following the procedure of Exainple 34, Part D, the 
15 hydroxy benzothiophene salt was obtained as a white solid in 
73% yield. 

IR (ICBr) 3420 (br) , 2976, 2830-2230 (br) , 1722, 1613 cm-1; % 
NMR (DMSO-d6) 5 1.81-1.91 (m, 8H) , 2.26 (s, 3H) . 2.95-3.11 

20 (m, 6H), 3.19-3.35 (m, 6H) , 4.15 (s, 2H) , 4.17 (s, 2H) , 6.79 
(dd, J = 8.6 and 2.0 Hz, IH) , 6.89 (d, J = 8.4 Hz, IH) , 6.99 
(s, IH), 7.26 (d, J- = 2.0 Hz, IH) , 7.29-7.43 (m, 6H) ? FDMS 
m/e 511 (M+I-2C2H2O4) ; Anal. Calcd for C33H38N20S-2C2H204: C, 
64.33; H, 6.13; N, 4.06. Found: C, 64.42; H, 6.40; N, 4.11. 



Sxanple 41 

Preparation of 6-Hydroxy-*2- [4- [2- (l-pyrrolidinyl> - 
e t hy 1 ] phenyl] benzo [b]thiophen- 3 -*yl 3-Methoxy-4- [ (1- 
pyrrolidlnyl ) methyl] phenyl Ketone Dioxalate . 
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2(C2H204) 

Part A. Methyl 3-Metlxoxy-4- [ (l-pyrrolidinyl)mothyl] - 
benzoate. 

OMe 

Me02C-^-^ 

O 

5 Following the procedure of Exainple 37, Fart A, the 

substituted pyrrolidine was obtained from methyl 3-methoxy-4- 
methylbenzoate as an oil in 65% yield. 

IR {CHCI3) 2954, 1716 cm^^; NMR (CDCI3) 5 1.95 (br 4H) , 
10 2.89 (br s, 4H), 3.91 (s, 3H) , 3.92 (s, 3H) , 3.98 (br t, 

6.8Hz, 2H), 7.56 (s, IH) , 7.61-7.67 (m, 2H) ; FDMS m/e 249 
(M+) . 

Part B. 3-Methoxy-4- [ {l-pyrrolidinyl)methylJ benzoic 
15 Acid Hydrochloride. 

OMe 

H02C-4^^ HCl 
O 

Following the procedure of Bxaiiple 37, Part B, the acid 
was obtained from the above ester as a yellowish solid in 65% 
crude yield. 



20 



25 



^H NMR (DMS0-d6) 51.89-1. 94 (br s, 4H) , 3.01-3.05 (br s, 2H) , 
3.26-3.34 (br s, 2H) , 3.88 (s, 3H) , 4.32 (s, 2H) , 7.53 (s, 
IH), 7.54 (d, J= 7.7 Hz, IH) , 7.70 (d, J= 7.7 Hz, IH) ; FDMS 
m/e 235 (M+) . 

Part C. 6-Benzylcxy-2- (dinethyla]iixno)benzo lb} thio- 
phen-a-yl 3-Methoxy-4* [ (l-pyrrolidinyl) methyl] phenyl 
Ketone - 
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OMe 



BnO' 




10 



15 



20 



25 



Following the procedure of Example 39, Part B, the 
ketone was obtained from the above acid and 6-benzyloxy-2- 
dimethylaminobenzo [Jb] thiophene as a foam in 81% yield. 

IR (CHCI3) 2970, 1621, 1600 cm-l; NMR (CDCI3) 5 1.85 (br 
s, 4H), 2.70 (br s, 4H) , 2.89 (s, 6H) , 3.80 (s, 2H) , 3.88 (s, 
3H), 5.08 (s, 2H), 6.89 (dd, iJ - 8.9 and 2.5 Hz, IH) , 7.20 
(d, J = 2.3 Hz, IH), 7.33-7.47 (m, 9H) ; FDMS m/e 500 (M+) . 

Part D. 6-Bon2yloxy-2- [4- [2- (l-pyrrolidiiiyl)©thyll - 
phenyl 1 benzo [ Jb] thiophon- 3 -yl 3 -Nethoxy-4 - [ (1- 
pyrrolidlnyl ) methyl ] phenyl Ketone • 



Following the procedure of Example 34, Part C, the 
trisubstituted benzothiophene was obtained from the 
dime thy lamino compoimd of Part C as a foam in 81% yield. 

IR (CHCI3) 2965, 1648, 1601 cm-^; ^H NMR (CDCI3) 8 1.77-1.82 
(m, 8H), 2.52 (br s, 4H) , 2.60 (br s, 4H) , 2.61-2.67 (m, 2H) , 
2.75-2.80 (m, 2H) , 3.63 (s, 2H) , 3.80 (s, 3H) , 5.16 (s, 2H) , 
7.06 (d, J = 8.1 Hz, 2 + IH superimposed), 7.25-7.50 (m, 
IIH), 7.61 (d, J = 8.9 Hz, IH) ; FEMS m/e 631 (M+1) . 

Part E. 6-Hydroxy-2- [4- [2-(l-pyrrolldinyI)ethyl] - 
phenyl]benzo[l>]thlophen-3-yl 3-Hethoxy-4- [(1- 
pyrrolldinyl) methyl] phenyl Ketone Dloxalate. 

To a stirred solution of the above benzyloxy 
benzothiophene (440 rog, 0.698 mmol) in THF (8 mL) under 
nitrogen atmosphere were sequentially added 10% Pd/C (440 mg) 
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and 25% aqueous HCO2NH4 (2 mL) . The resultant mixture was 
stirred under a balloon nitrogen atmosphere for 7 h. After 
filtration, the filtrate was diluted with EtOAc (50 mL) , 
washed with half -saturated NaCl (15 mL) / dried over MgS04, 
5 filtered, concentrated, and chromatographed on silica 

[gradient 0-20% EtOH/TEA (2/1) in THF/hexanes (1/1)1 to give 
225 mg (60%) of the hydroxy benzothiophene as a foam. 

A solution of oxalic acid (64.2 rog, 0.712 mmol) in EtOAc 
(6 mL) was added dropwise to a stirred solution of the 
10 hydroxy benzothiophene (175 mg, 0.323 mmol) in THF (4 mL) . 
The resultant white suspension was filtered and the white 
solid was dried at 60 under vacuum to provide 213 mg (91%) 
of the corresponding dioxalate. 

15 IR (neat) 3450 (br) , 2964, 2830-2220, 1719, 1640, 1607 cm"!; 
NMR (DMS0-d6) 8 1.83*^1.88 (br s, 8H) , 2.83-2.93 (m, 6H) , 

3.18 (br s, 6H), 3.75 (s, 3H) , 4.06 (s, 2H) , 6.90 (dd, J" = 
8.8 and 2.2 Hz, IH) , 7.15-7.39 (m, 8H) , 7.43 (d, J" = 8.8 Hz, 
IH); FIMS m/e 541 (M+I-2C2H2O4) ; Anal. Calcd for 
20 C33H36N203S-2C2H204: C, 61.66; H, 5.59; N, 3.89. Found: C, 
61.91; H, 5.69; N, 4.00. 



Praparation o£ 6 ^Hydroxy-* 3- [3~nethoxy-4- [ (1- 
25 pyrrolldinyl) methyl] benzyl] -2- [4-* [2- (l-pyrrolidinyl) - 
ethyl] phenyl Ibenzo [2>] thlophene Dioxalate • 



Part A. 6-Benzyloxy-3-[3-]ii6thoxy-4-[ (1-pyrrolidinyl) 
methyl] benzyl] -2- [4- [2- (1-pyrrolidinyl) ethyl] phenyl] - 
30 benzo [b] thlophene • 



owe 




2(C2H204) 
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Following the procedure of Example 34, Part D, the 
methylene compoiind was obtained from the ketone of 
Example 41, Part D as a foam in 62% yield . 

5 

IR (CHCI3) 2966, 1601 cm-1; NMR (CDCI3) 5 1.82 (br s, 8H) , 
2.60 (br s, 8H), 2.68-2.75 (m, 2H) , 2.72-2.95 (m, 2H) , 3.68 
(s, 5H, OCH3 andCH2), 4.22 (s, 2H) , 5.13 (s, 2H) , 6.64 (s, 
IH), 6.71 (d, c7 = 7.5 Hz, IH) , 6.98 (dd, J = 8.5 and 2.0 Hz, 
10 IH), 7.23 (br s, 2H) , 7.30-7.50 (m, lOH) ; FTMS m/e 616 (M+) . 
Anal. Calcd for C40H44N2O2S: C, 77.88; H, 7.19; N, 4.54, 
Found: C, 77.93; H, 7.22; N, 4.61. 

Part B. 6-^Hydroxy-3- I3-mathoacy-4- [ (l-pyrrolidinyl> - 
methyl] benzyl] -2- [4- [2- (1-pyrrolidinyl) ethyl]phenyl] - 
benzo [i>] thlophene Dioxalate* 

Following the procedure of Example 41, Part E, the title 
hydroxy benzothiophene salt was obtained from the benzyl 
ether as a white solid in an overall 65% yield. 

IR (KBr) 3420 (br) , 2980, 2830-2240 (br) , 1720, 1613 cm-1; ^H 
NMR (DMS0-d6) 6 1.86-1.93 (m, 8H) , 2.96-3.01 (m, 2H) , 3.06- 

3-21 (m, 4H), 3.25-3.50 (m, 6H) , 3.70 (s, 3H) , 4.14 (s, 2H) , 
4.20 (s, 2H), 6.60 (d, J = 7.9 Hz, IH) , 6.81 (dd, tJ = 8.7 and 
2.1 Hz, IH), 7.26 (d, J = 8.2 Hz, 2 + IH superinposed) , 7.36 
(d, J = 8.2 Hz, 2H) 7.42-7.46 (m, 3H) ; FDMS m/e 527 (M+1- 
2C2H2O4); Anal. Calcd for C33H38N2O2S-I.7C2H2O4: C, 64.31; H, 
6.14; N, 4,12. Fovmd: C, 64.25; H, 6.42; N, 4.02. 



30 



Example 43 

Preparation of 6-Hydro3cy-2- [4- [2- [1- [ (5) -2- 
hydroxyme t hy 1 ] pyr r olidlny 1 ] ethyl ] phenyl ] benz o [ Jb] - 
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thioplxon-3-yl 3-Mothoxy-4- [ (1-pyrrolidinyl) methyl] - 
phenyl Ketone Dioxalate* 



Part A. l--BroBio-4- [2- ( triisopropylsilyloxy) ethyl] - 
5 benzene* 



Triisopropylsilyl trif luoromethanesulf onate (35.1 mL, 
130 mmol) was added to a stirred solution of 4 -br omophenethy 1 
alcohol (20.2 g, 100 mmol) and anhydrous triethylamine (27.8 

10 itiL, 200 nrniol) in anhydrous CH2CI2 (200 mL) at room 

tenperature under nitrogen atmosphere. The resultant mixture 
was stirred for 3 h. After dilution with EtOAc (200 mL) , the 
mixture was washed with a mixed aqeous solution of saturated 
NaHC03j (50 mL) and brine (50 mL) , dried over MgS04, filtered, 

15 concentrated, and chromatographed on silica (gradient 0-10% 
EtOAc in hexanes) to give 33.5 g (94%) of the silyl ether as 
an oil* 

IR (CHCI3) 2944, 1489 cm"!; NMR (CDCI3) 51.03 (br s, 3H) , 
20 1-39 (br s, 18H) , 2.81 (t, J = 6.8 Hz, 2H) , 3.86 (t, J= 6.8 
Hz, 2H), 7.11 (d, J= 8.2 Hz, 2H) , 7.40 (d, J= 8.2 Hz, 2H) ; 
FE3MS m/e 356 (M+, 79Br) and 358 (M+, ^^Br) . 

Part B * 6 -Benzyl oxy- 2 - [ 4 - ( 2 -hydroxye thy 1 ) phenyl ] - 
25 benzo [h] thiophen-3--yl 3-Methojcy-4- [ (1-pyrrolidinyl) - 
methyl ] phenyl Ketone • 



OMe 





OMe 
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The above silyl ether (571 mg, 1.60 mmol) was added to a 
stirred suspension of magnesium ribbons (36.4 mg, 1.50 mmol) 
in anhydrous THF (2 mL) under argon atmosphere, followed by 
the addition of a small iodine crystal. The mixture was 
5 heated in an oil bath at 60-65 for 2 h to form a 

homogeneous Grignard solution. The Grignard solution was 
cooled to room temperature before it was added to a stirred 
solution of the compound of Exanple 41, Part C (500 mg, 1,00 
mmol) in anhydrous THF (4 mL) at 0 under argon atmosphere. 

10 The resultant mixture was stirred at 0 for 1.5 h, then 
quenched with saturated aqueous NH4CI (5 mL) . After 
extraction with EtOAc (25 mL x 2) , the combined organic 
layers were dried over MgS04, filtered, and concentrated to 
give a gummy residue (597 mg) . 

15 The residue was dissolved in anhydrous THF (5 mL) cind 

treated with tetrabutylammonium fluoride (1.20 mL, 1 M in 
THF) at room temperature under nitrogen atmosphere. After 
stirring for 1.5 h, the mixture was concentrated under vacuimi 
and chromatographed on silica [gradient 0-30% EtOH/EtaN (2/1) 

20 in THF/hexanes (1/1)] to give 395 mg (68%) of the alcohol as 
a foam. 

IR {CHCI3) 2960, 1646, 1601 cm'^-; ^H NMR (CDCI3) 8 1-80 (br 
s, 4H), 2.54 (br s, 4H) , 2.75 (t, *J = 6.2 Hz, 2H) , 3.59 (s, 
25 2H), 3.74 (t, J= 6.2 Hz, 2H) , 3.79 (s, 3H) , 5.18 (s, 2H) , 
7.05 (d, i7 = 8.1 Hz, IH) , 7.09-7.50 (m, 13H) , 7.74 (d, J = 
8.9 Hz, IH); EDMS m/e 578 (M+1) ; Anal. Calcd for C36H35NO4S: 
C, 74.84; H, 6-11; N, 2.42. Found: C, 75.02; H, 6.34; N, 
2.50. 

30 

Part C . 6-Ben2yloxy-2- [4- t2- [1- t (S) -2-hydroKymethyll - 
pyrrol Idlnyl] ethyl] phenyl ] benzo [b] thiophen-3 -yl 
3-Methoxy-4- [ (1-pyrrolidinyl) methyl] phenyl Ketone. 
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Methcunesulfonyl chloride (0.420 mL, 5.43 mmol) was added 
to a stirred solution of the eQDOve alcohol (2.09 g, 3.62 
iranol) in anhydrous pyridine (5 mL) at 0 under nitrogen 
5 atmosphere, and the reaction mixture was allowed to stir at 
room temperature for 2 h. (5)-Prolinol (1.25 mL, 12.7 mmol) 
was added and the resultant mixture was heated at 70 for 2 
h- After dilution with EtOAc (120 mL) , the mixture was 
washed with half -saturated NaHC03 (30 mL) , dried over MgS04, 
10 filtered, concentrated, and chromatographed on silica 

[gradient 0-25% EtOH/Et3N (2/1) in THF/hexanes (1/1)1 to give 
2.01 g (84%) of the substituted pyrrolidine a foam. 

IR (neat) 3355 (br) , 2958, 1646, 1600 cm"^; NMR (CDCI3) 5 
15 1.63-2,19 (m, 8H) , 2.25-2.80 (m, 8H) , 2.87 (t, J= 7.7 Hz, 
2H), 3.15-3.58 (m, 4H) , 3.44 (dd, J= 11.5 and 3.6 Hz, IH) , 
3.60 (dd, J = 11.5 and 3.6 Hz, IH) , 3.62 (s, 2H), 3.80 (s, 
3H), 7.04-7.08 (m, 3H) , 7.23-7.47 (m, llH) , 7.62 (d, J= 9.0 
Hz, IH); FIM5 m/e 661 (M+1) . 

20 

Part D. 6--Hydro3iy-2- [4-12- [1- [ {S) -2-liydroxymethyl] - 
pyrrolidlnyl] ethyl] phenyl] benzo [b] thlophen-3-yl 
3 -Methoxy-4- [ ( 1 -^pyrrolidlnyl) methyl] phenyl Ketone 
Dioxalate. 

25 Following the procedure of Example 41-E, the title salt 

was obtained from the above methoxy benzothiophene as a 
yellowish solid in an overall 6% yield. The free base of the 
title compound was unstable. 

30 1h !MR (CD3OD) 5 1.75-2.25 (m, 8H) , 2.82-3.05 (m, 2H) , 3.15- 
3.23 (m, 4H), 3.38-3.91 (m, 6H) , 3.80 (s, 3H) , 4.01-4.13 (m. 
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IH), 4.28 (s, 2H), 6.92 {br J = 6.3 Hz, IH) , 7.03-7.37 (m, 
8H), 7.56 (in,lH); FDMS m/e 571 (M+1) . 

Eacample 44 

Preparation of 6-Hydroxy-3- I3-metliyl-4- [ II- [ (5) -2- 
methoxymethyllpyrrolidinyll methyl 1 benzyl] -2- t4-[2-{l- 
pyrrolldinyl) ethoxy] phenyl Jbenzo [b] thiophene 
Dloxalate. 



Me 




10 Part A. Methyl 3-Bromo-4- [ [1- [ (5) -2-iiiethoxymethyll - 

pyrrolidiny 1 ] methyl ] benzoate . 

Br 

OMe 

Following the procedure of Example 37, Part A, the 
substituted pyrrolidine was obtained from methyl 3-bromo-4- 
15 methylbenzoate and> (S) -2- (methoxymethyl) pyrrolidine as an oil 
in 63% yield. 

IR (neat) 2950, 1727 cnT^; FDMS m/e 341 (M"^, "^^Br) and 343 
8lBr); Anal. Calcd for Ci5H2oBrN03: C, 52.64; H, 5.89; 
20 N, 4.09. Found: C, 52.91; 5.93; N, 3.85. 

Part B. 3-Bromo-4-[[l-t(5)-2-methoxymethyl] - 

pyrrolidinyllmethyl] benzoic acid hydrochloride • 

Br 



HQ2C-4 ^ HCl 

OMe 

25 Following the procedure of Exairple 37, Part B, the acid 

was obtained from the above ester as a white solid in 100% 
yield. 
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10 



15 



20 



25 



1h NMR (DMS0-d6) 5 1.60-1.78 (m. IH) , 1.80-2.05 (m, 2H) , 
2.08-2.22 (m, IH) , 3.10-3.50 (m, 2H)', 3.29 (s, 3H) , 3.60-3.65 
(m, IH), 3.75-3.95 (m, 2H) , 4.46 (br d, J = 13.4 Hz, IH) , 
4.76 (d, 47= 13.4 Hz, IH) , 7.93 (d, 8.0 Hz, IH) , 8.03 (d, 

J= 8.0 Hz, IH), 8.12 (s, iH), 11.15 (br s, IH) , 13.55 (br 
S,1H). . 

Part C» 3-Bromo-4- [ (1- [ (5) -2-methoxymethyl] - 
pyrrolidlnyl ] mathyl ] phenyl 2 -Diaethylomino- 6 - 
methoxybenzo [Jb] thlophen-3-yl Ketone • 



Following the procedure of Example 39, Part B, the 
ketone was obtained from the above acid as a foam in 75% 
yield. 

IR (neat) 1626, 1544 cm-1; FDMS m/e 516 (M+, '^^Br) and 518 
(M-*-, 8lBr); Anal. Calcd for C25H29BrN203S: C, 58.03; H, 5.65; 
N, 5.41. Found: C, 58.15; H, 5.40; N, 5.29: 

Part D. 3-Bromo*4* [ [1- ( {S) -2-met:hoxymetliyI] - 
pyrrolidlnyl] methyl] phenyl 6-Methoacy-2- [4- [2- (1- 
pyrrolidlnyl ) e thoxy ] phenyl ] benzo [b] thiophen- 3 -y 1 
Ketone • 



Following the procedure of Example 34, Part C, the 
trisubstituted benzothiophene was obtained from the above 
benzothiophene and the corresponding aryl bromide as a foam 
in 95% yield. 
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IR (neat) 2962, 1645, 1606 cm"^; FDMS m/e 662 (M"^, ''^Br) and 
664 (M-*-, 8lBr); Anal. Calcd for C35H39BrN204S: C, 63.34; H, 
5.92; N, 4.22. Found: C, 63.18; H, 5.84; N, 4.44. 

5 Part B. 3-[3-Bro2BO-4-[[l-[(j?)-2-iiLet;hoxy]iietliyl]- 
pyrrolidinyl]methyl]benzyl] -6-aethoxy-2- [4- [2- (1- 
pyrrolidinyl) ethoicy] phenyl Ibenzo [b] thlophene • 



Following the procedure o£ Exanple 34, Part D, the 
10 methylene compound was obtained from the above ketone as a 
foam in 79% yield. 

IR (neat) 2963, 1607 cm^l; FDMS jn/e 648 (M+, ''^Br) and 650 
(M+, 8lBr); Anal. Calcd for C35H4lBrN203S: C, 64.71; H, 6.36; 
15 N, 4.31. Found: C, 64.93; H, 6.42; N, 4.35. 

Part P. 6-MethoaQr-3-'I3-»©tbyl-4- [ [1- [ 18) -2- 
me thoxyma thy llpyrrolldlnyl] methyl] benzyl) - 2- [4- [2- (l- 
pyrrolldlnyl ) ethoxy ] phenyl ] benzo [b] thiophene • 



Following the procedure of Example 38, Part A, the aryl 
methyl coirqpound was obtained from the above aryl bromide as a 
foam in 85% yield. 

25 IR (neat) 2962, 1608 cm-l; FDMS m/e 584 {M+) and 585 (M+l) ; 
Anal. Calcd for C36H44N2O3S: C, 73.94; H, 7,58; N, 4.79. 
Found: C, 73.84; H, 7.42; N, 4.50. 



Br 




Me 




Part G. 6-Hydroxy-3"I3-methyl-4-[[l- 1(5)-2- 
30 methoxymethyllpyrrolidinyl] methyl] benzyl] -2-[4-[2-(l- 
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pyrrolidinyl)ethoxy]plionyllbonzo [b] i:hlophene 
Dioxalata. 

Following the procedure of Example 34, Part D, a mixture 
of the free bases of the compounds of this exanple and the 
5 following example were obtained from the above dimethoxy 
compound. Following conversion to the dioxalate, the title 
conpound was obtained as a white solid in a 2 -step yield of 
19%. 

10 IR (KBr) 3450-2500 (br) , 1718, 1609 cm-^; FDMS m/e 571 (M+l- 
2C2H2O4); Anal. Calcd for C35H42N203S-2C2H204: C, 62,39; H, 
6.18; N, 3.73- Found: C, 62.61; H, 6,02; 3.72. 

Example 45 

15 Preparation of 6 -Hydroxy- 3- [3 -methyl -4- [ [1- [ (5) - Sl- 
hydroKymethyllpyrrolidinyllmothyllbenzyl] -2-14- [2-(l- 
pyrrolidinyl)ethoxy]plienyl]benzo [b] thiophene 
Dioxalate. 




O 

2(C2H204) 

20 Following separation of the free base in Part G of the 

above example, the dihydroxy compovind was converted into the 
title dioxalate which was obtained in a white solid in a 
2-step yield of 33%. 

25 IR (KBr) 3400-2500 (br) , 1721, 1609 cm-^; FDMS m/e 557 (M+1- 
2C2H2O4); Anal. Calcd for C34H40N2O3S-I.6C2H2O4: C, 62.39; H, 
6.18; N, 3.73. Foiind: C, 62.61; 6.02; N, 3.72, 

Sxam^le 46 

30 Preparation of 6-Hydroxy-2- 14- [2- (1-^pyrrolidinyl) - 
ethozy] phenyl ]ben20li»]thlophen- 3 -yl 3-Nethyl-4- [ (4- 
morpholinyl) methyl] phenyl Ketone Dioxalate. 
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15 




2(C2H204) 

Part A. Methyl 3-Bromo-4- [ (4-iiiorpholl]iyl}methyl] - 
benzoate. 

Br 

5 Following the procedure of Example 37, Part A, the 

substituted morpholine was obtained from methyl 3-bromo-4- 
methylbenzoate and morpholine as an oil in 53% yield. 

IR (neat) 2953, 1727 cm-1; NMR (CDCI3) 5 2,48-2.60 (m, 
10 4H), 3,63 (s, 2H), 3.70-3.80 (m, 4H) , 3.93 (s, 3H) , 7.59 (d, 
J= 8.0 Hz, IH), 7.95 (d, J= 8.0 Hz, IH) , 8.23 (s, IH) ; FEMS 
m/e 313 (M+,'7^Br) and 315 (M+,8lBr); Anal. Calcd for 
Ci3Hi6BrN03: C, 49,70; H, 5.13; N, 4,46. Found: C, 49.42; 
4.98; N, 4.55. 



Part B. 3-Broi&o-4- [ (4-morpholinyl) methyl] benzoic Acid 
Hydrochloride . 

Br 



H02C-^ ^ HCi 



•o 

Following the procedure of Example 37, Part B, the acid 

20 was obtained from the above ester as a white solid in 100% 
yield. 

1h NMR (DMS0-d6) 8 3.25 (br s, 4H) , 3.88 (br s, 4H) , 4.51 <s, 

2H), 7.93 (d, J= 8.0 Hz, IH) , 8.12 (s, IH) , 8.19 (br d, J" = 
25 8.0 Hz, IH) . 



wo 97/25033 



PCTAJS9M7995 



15 




-161- 

Par t C . 3 -Bromo-4 - [ ( 4 -morphollnyl ) methyl ] phenyl 

2-Dimethyla]iLlno-6-methoacybenzo thiophen-3-yl Ketone < 

Br 



MeO 



Following the procedure of Example 39, Part C, the 
5 ketone was obtained from 2-dimethylamino-6- 

methoxybenzo [Jb] thiophene and the above acid as a foam in 80% 
yield. 

IR (neat) 1622, 1540 cm"l; NMR (CDCI3) 8 2.52-2.60 (m, 
10 4H), 2.89 (s, 6H), 3.65 (s, 2H) , 3.72-3.80 (in, 4H) , 3.83 (s, 
3H), 6.84 (dd, J = 8.9 and 2 .4 -Hz, IH) , 7.13 (d, J =2.4 Hz, 
IH), 7.39 (d, J= 8.9 Hz, IH) , 7.58 (d, J= 8.0 Hz, IH) , 7.77 
(dd, J- = 8.0 and 1.4 Hz, IH) , 8.05 (d, J = 1.4 Hz, IH) ; FDMS 
m/e 488 (M+,79Br) and 490 (M+,8lBr). 




Part D. 3-Bro]no-4- [ (4-morphollnyl ) methyl] phenyl 
6-Hethoxy-2- [4- [2- (1-pyrrolidinyl) ethoxylphenyl] - 

benzo [Jb] thiophen-3-yl Ketone • 

Br 



MeO 



20 Following the procedure of Exanple 34, Pcirt C, the 

> 

trisubstituted benzothiophene was obtained from the 
corresponding euryl bromide and the above benzothiophene as a 
foam in 80% yield. 

25 IR (neat) 2959, 1622, 1598 cm'^; FDMS m/e 635 (M+1, 79Br) and 
637 (M+1, 79Br) . 



Part B. 6-Methoxy-2- [4- [2- (1-pyrrolidinyl) ethoxy] - 
phenyl] benzo lb} tbiophen-3-yl 3-Methyl-4- [ (4- 
3 0 morpho 1 iny 1 ) methyl ] phenyl Ketone . 
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MeO 

Following the procedure of Example 34, Part E, the aryl 
methyl confound was obtained from the above aryl bromide as a 
foam in 76% yield. 

5 

IR (neat) 2958, 1643, 1603 cm"!; FDMS m/e 570 (M+) . 

Part F. 6-Hydroxy*-3- [4- [2- ( 1 -pyrrol idinyl ) ethoxy] - 
phenyl ]benzo[l»]t;hloph«in- 3 «yl 3-Methyl-4- [ (4- 
10 morphollnyl)Aetbyl]phenyl« Ketone Dioxalate. 

Following the procedure of Exaii^)le 34, Part E, the salt 
of the hydroxy benzothiophene was obtained from the above 
methoxy benzothiophene as a yellowish solid in a 2 -step yield 
of 69%. 

15 

IR (KBr) 3400-2500 (br) , 1725, 1639 caT^; FDMS m/e 557 (M+1- 
2C2H2O4); Anal. Calcd for C33H36N204S-2C2H204: C, 60.32; H, 
■ 5.47; N, 3.80. Found: C, 60.60; H, 5.53; N, 4.01. 

20 Bjcample 47 

Preparation of 3- [3-Bromo-4- [ ( 4 -norpl&ollnyl) methyl] - 
benzyl] -6-hydroxy-2- [4- [2- (l-pyrrolidinyl)ethojcy] - 

phenyl ] benzo [b] thiophene Dioxalate • 

Br 




2(C2H204) 

25 Part A. 3- [3-Bromo-4" [ ( 4 -norpholinyl) methyl] benzyl] 
6-methoxy*2«- [4« [2- (1-pyrrolidinyl) ethoxy] phenyl] - 
benzo [b] thiophene • 
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Following the procedure of Example 34, Part D, the 
methylene compound was obtained from the ketone of Example 
46, Part A as a foam in 84% yield. 

5 

IR (neat) 2958, 1608 cm-^; FEMS m/e 621 (M+l^'^^Br) and 623 
(M+l,8lBr); Anal. Calcd for C33H37BrN203S : C, 63.76; H, 6.00; 
N, 4.51. Found: C, 63.50; H, 5.82; N, 4.38. 

10 Part B. 3- I3-Bromo-4- [ ( 4 -morpholinyDmothyl] benzyl] - 
6 -hydroxy- 2-[4-[2-{l -pyrrolldiay 1 ) ethoxy] phenyl 1 - 
benzo [b] thiophene Dioxalate » 

Following the procedure of Example 34, Part E, the title 
hydroxy benzothiophene salt was obtained from the above 
15 metho3Qr benzothiophene as a white solid in 66% yield. 

IR (KBr) 3400-2500 (br) , 1721, 1607 cm"!; FEMS m/e 607 (M+1- 
2C2H204,''5Br) and 609 (M-hl-2C2H204, ^^Br) ; Anal. Calcd for 
C32H35BrN203S-1.5C2H204: C, 56.61; H, 5.16; N, 3.77. Found: C, 
20 56.70; H, 5.13; N, 3.95. 



Example 48 

Preparation of 6-Hydroxy-3- [3-methyl-4- [ (4- 
morpholinyl) methyl] benzyl] -2- [4- [2- (1-pyrrolidinyl) 

25 ethoxy ] phenyl ] benzo [ b] thiophene Dloxalate • 

Me 




Part A. S-lletho3cy-3- [3-aethyl-4- [ (4 -morpholinyl) - 
methyl] benzyl] -2- [4- [2 - (l-*pyrrolidinyl)ethoxy] - 
phenyl ] benzo tb] thiophene • 
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Me 




Following the procedure of Example 38, Part A, the aryl 
methyl compound was obtained from the aryl bromide of Example 
47, Part A as a foam in 91% yield. 

5 

IR (neat) 2957, 1608 coT^; FDMS m/e 556 (M+) . 

Part B. 6-Hydroxy-3- [3-*flittt:hyl-4- [ (4-morpholinyl)- 
methyl 1 benzyl l-2-I4-[2-(l -pyrrolidinyl ) e thoxy ] - 
10 phenyl ] benzo Ibl thlophene Dloxalate . 

Following the procedure of Example 34, Part E, the title 
hydroxy benzothiophene salt was obtained from the above 
methoxy benzothiophene as a white solid in a 2 -step yield of 
79%. 

15 

IR (KBr) 3400-2500 (br) , 1722, 1610 cm""l; FDMS m/e 543 (M+- 
2C2H2O4); Anal. Calcd for C33H38N2O3S-I.5C2H2O4: C, 63.79; H, 
6.10; N, 4.13. Found: C, 63.92; H, 6.15; N, 4.31. 



20 Exaaqyle 49 

Preparation of 6-Hydroxy-2- [4- [2- ( l-pyrrolidinyl) - 
ethoxy] phenyl] benzo [Jb] thiophen-3-yl 3-Methoxy-4- [ (4- 
morphollnyl ) methyl ] phenyl Ketone Dloxalate • 




25 Part A. Methyl 3-lIethoxy-4- (4-morphollnyl)benzoate. 

OMe 



^0^ 



MeOaC- 

~ ~ M-v 
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Following the procedure of Example 37, Part A, the 
sxibstituted morpholine was obtained from methyl 4-methyl-3- 
methoxybenzoate and morpholine as an oil in 79% yield, 

5 IR (neat) 2953, 1723, 1582 cm'!; FDMS m/e 265 (M^) ; Anal. 
Calcd for C14H19NO4: C, 63.38; H, 7.22; N, 5.28. Found: C, 
63.11; H, 7.20; N, 5.50. 

Part B. 3--Hathoxy"4-(4-morpholinyl)bezizoic Acid 
10 Hydrochloride • 

OMe 

H02C-\ ^ Hci 



Q 



Following the procedure of Example 37, Part B, the acid 
was obtained from the ester as a white solid in 100% yield. 

15 1h NMR (DMS0-d6) 5 3.05 (br s, 2H) , 3.15-3.25 (m, 2H) , 3.85 
(s, 2H), 3.87 (s, 5H, CX:H3 and CH2) , 4.29 (s, 2H) , 7.52 (s, 
IH), 7-53 (d, J= 8.0 Hz, IH) , 7.77 (d, J= 8.0 Hz, IH) , 
11.65 (br s, IH), 13.15 (br s, IH) , 

20 Part C . 6-Bonzyloxy"2- (dimethylamino) benzo [b] - 

thiophen-3-yl 3-Methoxy-4- [ (4-morpholinyl) methyl] - 
phenyl Ketone • 



OMe 




BnO^^S ^\ 

Following the procedure of Example 39, Part B, the 
25 ketone was obtained from 6-ben2yloxy-2- (dimethylamino) - 

benzo [b] thiophene and the above acid as a foam in 81% yield. 



IR (neat) 2954, 1625, 1600 cm"l; FIMS m/e 516 (M+) ; Anal. 
Calcd for C30H32N2O4S: C, 69.74; H, 6.24; 5.42. Found: C, 
30 70.03; H, 6.47; N, 5.44. 
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Part D. 6-BeMyloxy-2- [4- [2- {l-pyrrolidinyl)ethoxyl - 
phenyl] benzo[Jb]thiophan-3-yl 3-Hethoxy-4- [ (4- 
morphol Inyl ) methyl ] phenyl Ketone • 



me 




5 



Following the procedure of Exaitiple 34, Pcort C, the 



trisiabstituted benzothiophene was obtained from the 
corresponding aryl bromide and the above benzothiophene as a 
foam in 88% yield. 

10 IR (neat) 2961, 1651 cm--^; FEMS m/e 662 {M+) and 663 (M+1) ; 
Anal. Calcd for C40H42N2O5S: C, 72.48; H, 6.39; N, 4.23. 
Found: C, 72.47; H, 6.35; N, 4.43. 

Part B. S-Hydroav-2- [4- [2-- (l-pyrrolldinyl)ethoav] - 
15 phenyl] benzo [Jb] thiophen-a-yl 3-Methoxy*4- [ (4- 
morphollnyl ) methyl] phenyl Ketone Dioxalate • 

Following the procedure of Example 41, Part E, the salt 
of the, hydroxy benzothiophene was obtained from the above 
benzyl ether as a yellowish solid in an overall 74% yield. 



IR (KBr) 3400-2500 (br) , 1722, 1633, 1606 cm-^; FDMS m/e 573 
{M+I-2C2H2O4) ; Anal. Calcd for C33H36N205S-2.3C2H204: C, 
57.91; H, 5.25; N, 3.59. Found: C, 57.93; H, 5.37; N, 3.78. 



Preparation of 6-Bydroxy-3 - ( 3 -metho^-4- [ (4 - 
morpholinyl) methyl] benzyl] -2- [4- [2 - (l-pyrrolidlnyl> - 
ethoxy ] phenyl] benzo [b] thiophene Dioxalate • 



20 



25 



Sxample 50 



OMe 




2(C2H204) 
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Part A. 6-Benzyloxy-3- [3-ttethoxy-4- [ (4-morpholinyl) - 
methyllbenzyl] -2- [4- [2- (1-pyrrolldinyl) ethoxy] phenyl] - 
benzo [h] thiophene • 



methylene compound was obtained from the ketone of Example 
49, Part D as a foam in 82% yield. 

IR (neat) 2961, 1609 cm~l; FDMS m/e 649 (M+1) ; Anal. Calcd 
10 for C40H44N2O4S: C, 74.04; H, 6-84; N, 4.32. Found: C, 74.30; 
H, 7.18; 4.34. 

Part B . 6-Hydroxy- 3 - [ 3 -mathoxy-4 - [ ( 4 -morpholinyl } - 
methyl] benzyl] -2 - [4 - [2- (l-pyrrolidinyDethoxy] phenyl] 
15 benzo [b] thiophene Dloxalate • 

Following the procedure of Example 41, Part E, the salt 
of the hydroxy benzothiophene was obtained from the above 
benzyl ether as a white solid in an overall 90% yield. 

20 IR (KBr) 3400-2500 (br) , 1613 cm"!; FDMS m/e 559 (M+1- 

2C2H2O4); Anal. Calcd for C33H38N204S-1.4C2H204: C, 62.79; H, 
6.01; N, 4.09. Found: C, 62.73; H. 5.93; N, 4.04. 



25 Preparation of 6-Hydroxy*2" [4- [2- (1-pyrrolldinyl) - 
ethyl] phenyl] benzo [b] thlophen-3-yl 3-Methoxy-4- [ (4- 
]|lorphollnyl)aethyl] phenyl Ketone Dioxalate . 



OMe 




Following the procedure of Exanple 34, Part D, the 



Bxas^le 51 



OMe 




2(C2H204) 
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Part A. 6-Banzyloxy-'2- (4 - [2- {l-pyrrolidinyl)othyll - 
phenyl] benzo [i>] thiophen-3-yl 3-Methoxy-4- [ (4<- 
morphol inyl ) methyl ] phenyl Ketone • 



OMe 




5 Following the procedure of Example 34, Part C, the 

trisiibstituted benzothiophene was obtained from the aryl 
bromide of Example 39, Part A and the ketone of Example 49, 
Part C as a foam in 91% yield. 

10 IR (neat) 3400 (br) , 2959, 1651, 1600 cm-^; FIMS m/e 646 
(M+); Anal. Calcd for C40H42N2O4S: C, 74.27; H, 6.54; N, 
4.33. Found: C, 74,09; H, 6.74; 4.38, 

Part B. 6-Hydroaty-2- [4- [2- (l-pyrrolidinyl)ethyl] - 
15 phenyl 1 benzo I l>]thiophen- 3 -yl 3-Methoxy-4- [ (4- 
]iiorpholinyl)methyl] phenyl Ketone Dioxalate. 

Following the procedure of Example 41, Part E, the salt 
of the hydroxy benzothiophene was obtained from the aboVe 
benzyl ether as a yellowish solid in an overall 83% yield. 

20 

IR {KBr) 3400-2500 (br) , 1718, 1645 cm'^; FTMS m/e 557 (M+1- 
2C2H2O4); Anal. Calcd for C33H36N204S-2C2H204: C, 60-32; H, 
5.47; N, 3.80. Found: C, 60.06; H, 5.43; N, 4.00, 



25 Example 52 

Preparation of 6 -Hydroxy- 3- [3'-methoxy-4- [ (4- 
morpholinyl)methyl]benzyl] -2-[4-[2- (1 -pyrrol idinyl) 
ethyl ] phenyl ] benzo [b] thiophene Dioxalate • 



OMe 




2(C2H204) 
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Part A. 6-B©nzyloxy-3- [3-iaothoxy-4- [ (4-inorpholiiiyl) - 
methyl] benzyl] -2- [4- [2- (l-pyrrolidinyl) ethyl]plienyl] - 
benzo [Jb] thiophene • 

OMe 




5 Following the procedure of Example 34, Part D, the 

methylene coiDpound was ' obtained from the ketone of 
Exanple 51, Peart A as a foam in 100% yield. 

IR (neat) 2957, 1600 cscT^; FDMS m/e 632 (M+) ; Anal. Calcd 
10 for C40H44N2O3S: C, 75-92; H, 7.01; N, 4.43. Found: C, 75.93; 
H, 7.00; N, 4.39. 

Part B. 6 -Hydroxy- 3- [3-methoxy-4- [ (4-morpholinyl) - 
methyl] benzyl] -2- [4- [2- (1-pyrrolidlnyl) ethyl] phenyl] - 
15 benzo [ b] thiophene Dioxalate • 

Following the procedure of Example 41, Part E, the salt 
of the hydroxy benzo thiophene was obtained from the above 
benzyl ether as a white solid in an overall 83% yield. 

20 IR (KBr) 3400-2500 (br) , 1719, 1612 cm"l; FDMS m/e 543 (M+1- 
2C2H2O4); Anal. Calcd for C33H38N2O3S • 1 , 7C2H2O4 : C, 62.83; H, 
6.00; N, 4.03. Found: C, 62.72; H, 6.05; N, 4.16. 

Example 53 

25 Preparation of 6-Hydroxy-2- £4- [2- [1- [ (5) -2- 

hydrojcymethyl] pyrrol idlnyl ] ethyl ] phenyl ] benzo Ibi - 
thiophen-3-yl 3-Nethoxy-4- [ ( 4 -morpholinyl) methyl] - 
phenyl Ketone Dioxalate. 
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C»le 




P 

OH 



2(C2H204) 



Part A • 6 -Benzyl oxy- 2 - [ 4 - ( 2 -liydroaorethyl ) phenyl ] - 
benzo lb} thlophen-3-yl 3-Metlioxy-4- [ (4-morpholinyl) 
methyl ] phenyl Ketone • 



Following the procedure of Exarnple 43, Part A, the 
trisubstituted benzothiophene was obtained from the ketone of 
Exanple 49, Pcirt C as a foam in an overall 95% yield. 

IR (neat) 3424 (br) , 2936, 1647, 1600 cin"-l; FDMS m/e 593 
(M+); Anal. Calcd for C36H35NO5S: C, 72.83; H, 5.94; N, 2.36. 
Foxind: C, 72.66; H, 5.95; N, 2.59. 

Part B. 6-Benzyloxy-2-[4-[2-[l-I{S) -2->hydroxymethyl] - 
pyr r o 1 Idiny 1 ] e thy 1 ] phenyl ] benzo [ Jb] thiophen- 3 -y 1 
3-Methoxy-4- [ (4-morpholinyl)methyl]phenyl Ketone* 



Following the procedure of Exeinple 43, Part B, the 
substituted prolinol was obtained from the above alcohol and 
(S)-prolinol as a foam in an overall 43% yield. 



me 




me 




IR (neat) 3389 (br) , 2954, 1654, 1600 cm-^; FEMS m/e 677 
(M+1); Anal. Calcd for C41H44N2O5S: C, 72.75; H, 6.55; N, 
4.14. Found: C, 72.78; H, 6.46; N, 4.14. 
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Part C- 6-Hydroaqr-*2-t4-I2-[l-[(flr)-2-liydroxyiiiothyll- 
pyrrolidinyl] ethyl] phenyl ]benzo [2>] thiophen^3-yl 
3 ~Methoxy-4 - [ ( 4 -mozphollnyl ) methyl ] phenyl Ketone 
5 Dioxalate. 

Following the procedure of Exanple 41, Part the salt 
of the hydroxy benzothiophene was obtained from the eibove 
benzyl ether as a yellowish solid in cin overall 65% yield. 

10 IR (KBr) 3377 (br) , 3400-2500 (br) , 1718, 1638, 1609 cm-1; 
FDMS jn/e 587 (M+I-2C2H2O4) . Anal. Calcd for 
C34H38N205S'1,4C2H204: C, 62.01; H, 5,77; N, 3.93. Found: C, 
61.99; H, 5.80; N, 4.12. 

15 Example 54 

Preparation of 6-Hydroaqr-2-- [4- [2- [1- [ (S) -2- 
hydroxymethy 1 ] pyrrol Idiny 1 ] ethyl ] phenyl ] - 3 - [ 3 -methoxy 
4- [ ( 4 -morpholinyl)methyl] benzyl] benzo[Jb]thiophene 
Dloxalate. 



OMe 




2(C2H204) 

20 OH 

Part A. 6-Benzyloacy-2- [4- [2- [1- [ {S) -2 -hydrox3rmethyl] 
pyrrolidinyl] ethyl] phenyl] -3- [3-methoxy-4- [ (4- 

morphollnyl)methyl|benzyl]benzo [2>] thiophene • 

OMe 



BnO 



OH 

25 Following the procedure of Exaitple 34, Part D, the 

methylene conipound was obtained from the above ketone as a 
foam in 88% yield. 
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IR (neat) 3390 (br) , 2955, 1600 cm-l; FDMS m/e 663 (M+1) . 
Anal. Calcd for C41H46N2O4S: C, 74.29; H, 6.99; N, 4.23. 
Found: C, 74.40; H, 6.97; 4.18. 

Part B. 6-Bydroxy-2- [4- [2- [1- [ (j^) -2«-hyaroxyiaethyl] - 
pyrrolldinyl] ethyl] phenyl ] -3- [3-methoxy-4- [ (4- 
aorphollnyl) methyl ] benzyl ] benzo [b] thiophene Dioxalate • 

Following the procedure of Example 41, Part E, the salt 
of the hydroxy benzothiophene was obtained from the above 
benzyl ether as a white solid in an overall 73% yield. 

IR (KBr) 3376 (br) , 3400-2500 (br) , 1719, 1612 cm^-l; FDMS 
m/e 573 (M+I-2C2H2O4] - Anal. Calcd for C34H40N2O4S-I.2C2H2O4: 
C, 64.22; H, 6.28; N, 4.11. Found: C, 64.01; H, 6.10; N, 
3^97. 

Exan^le 55 

Preparation of 6-Hydroxy-2- [4- [2- [1- [ {R) -2-hydroxy- 
methyl Ipyrrolidlnyl] ethyl] phenyl] benzo [b] thiophen-3-yl 
3-Hethoxy-4- [( 4-morpho liny 1) methyl] phenyl Ketone 
Dioxalate. 



OMe 




2(C2H204) ^ 

OH 



Part A. Preparation of 6-Benzyloxy-2- [4- [2- [1- [ (K) -2- 
hydroxymethyl]pyrrolldinyl]ethyl]phenyl]benzo tb] thlo- 
phen-3-yl 3-Methoxy-4- [ ( 4 -morpholinyl) methyl] phenyl 
Ketone « 
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OMe 




BnO 



OH 

Following the procedure of Example 43, Part C, the 
substituted prolinol was obtained from the alcohol of Exanple 
53, Part A and (H) -prolinol as a foam in an overall 48% 
yield. 

IR (neat) 3378 (br) , 2956, 1648, 1600 cm'l; FEMS m/e 677 
(M+l). Anal. Calcd for C41H44N2O5S: C, 72.75; H, 6.55; N, 
4.14. Found; C, 72,96; H, 6.32; N, 4.20. 



Part B. 6^Hyclroxy-2- [4- [2- [1- [ (R) -2-hydroxymethyl] - 
pyrrol Idlny 1 ] ethyl ] phenyl ] benzo [ h] thlophen- 3 -yl 
3-Methoxy-4- [ ( 4 -morphollnyl) methyl] phenyl Ketone 
Dioacalate . 

15 Following the procedure of Example 41, Part E, the salt 

of the hydroxy benzothiophene was obtained from the above 
benzyl ether as a yfellowish solid in an overall 63% yield. 

IR (KBr) 3384 (br) , 3400-2500 (br) , 1719, 1638, 1607 cm'^; 
20 FDWS m/e 587 (M+I-2C2H2O4) . Anal. Calcd for 

C34H38N205S-1.4C2H204: C, 62.01; H, 5.77; N, 3.93. Foiind: C, 
61.73; H, 5.90; N, 4.14. 



Example 56 

25 Preparation of 6-Hydroxy-2- [4- [2- [1- [ (J?) -2- 
hydroxymethyl]pyrrolldinyl] ethyl] phenyl] - 3- [3-iiiethoxy- 
4 - [ ( 4 -morpholiny 1 ) laethyl ] benzyl ] benzo [ Jb] thiophene 
Dioxalate . 



wo 97/25033 



PCT/US96/17995 



-174- 



OMe 



HO 




2(C2H204) 




Part A. 6-BBnzyloxy-2- [4- [2- tl- [ (H) -2-hydroxyaethyl] - 
pyrrolidlnyl] ethyl] phenyl] -3- [3-methoxy-4- [ (4- 
morphol Inyl) methyl] benzyl Ibenzo [Jb] thiophene . 



Following the procedure of Exainple 34, Part D, the 
methylene compoiind was obtained from the ketone of Example 
55, Part A as a foam in 83% yield. 

10 IR (neat) 3426 (br) , 2955, 1600 cm"!; FDMS m/G 663 (M+1) . 
Anal, Calcd for C41H46N2O4S: C, 74.29; H, 6.99;.N, 4,23. 
- Found: C, 74.29; H, G.98; N, 4.33. 

Part 6-Hydroxy-2-[4-[2-Il-[(H)-2-hydroxymethyl]- 
15 pyrrol Idinyl] ethyl] phenyl] -3- [3-methoxy-4- [ (4- 

morphol inyl) methyl] benzyl Ibenzo [b] thiophene Dioxalate • 

Following the procedure of Example 41, Part E, the salt 
of the hydroxy benzothiophene was obtained from the above 
benzyl ether as a white solid in an overall 77% yield. 

20 

IR (KBr) 3401 (br) , 3400-2500 (br) , 1718, 1612 cm'l; FDMS m/e 
573 (M+I-2C2H2O4), Anal, Calcd f or C34H40N2O4S • 1 . 5C2H2O4 : C, 
62.79; H, 6.12; 3.96. Found; C, 62.68; H, 5.88; N, 4.13. 



OMe 




5 



OH 
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Exanple 57 

Preparation of 3, 5-Dimethoxy-:4- [ (1-pyrrolldinyl) - 
methyl] phenyl 6 -Hydroxy- 2- [4- [2- (1-pyrrolidinyl) - 

ethoxy ] phenyl] benzo Ibi thiophen-3-yl Ketone . 

OMe 




2(H2C204) 

Part A. Methyl 3 , 5-Dlmethoxy-4- [ (1-pyrrolidinyl) - 
methyl ] benzoate . 

OMe 



Me02C-^-^^ 



OMe'^ 

Following the procedure of Example 37, Part A, the 
10 substituted pyrrolidine was obtained from methyl 3 , 5- 

dimetho3cy-4-methylbenzoate and pyrrolidine as an oil in 51% 
yield. 

IR (KBr) 2964, 1721 cm"^; FEMS m/e 279 (M+) . Anal. Calcd for 
15 C15H21NO4: C, 64.50; H, 7-58; N, 5.01, Found: C, 64.56; H, 
7.65; N, 5.04. 

Part B . 3, 5-Dimethoxy-4- [ (l-pyrrolidinyl)methyl] - 

benzoic Acid Hydrochloride • 

OMe 

20 OMe ^ 

Following the procedure of Exanple 37, Pcirt B, the acid 
was obtained from the above ester cis a white solid in 100% 
yield. 

25 NMR (DMS0-d5) Si. 80-2. 00 (m, 4H) , 3.00 (br s, 2H) , 3.32 

(br s, 2H), 3.86 <s, 6H) , 4.20 (s, 2H) , 7.20 (s, 2H) . 
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Part C. 6-Bazizyloxy-2-<- (dimetliylamino)benzo [Jb] thio- 
phen-3-yl 3, 5-Dimethoxy-4- [ (l-pyrrolidiiiyl)iAethyl] - 
phenyl Ketone • 



QMe 




5 Following the procedure of Example 39, Part C, the 

ketone was obtained from 6-benzyloxy-2- (dimethylamino) - 
benzo [Jb] thiophene and the above acid as a foam in 71% yield. 

IR {neat) 2957/ 1625, 1601 axT^; FDMS jn/e 530 (M^) . 

10 

Part D. 6*-Benzyloxy-2- [4- [2- (1-pyrrolidinyl) ethoxy] • 
phenyl] benzo [Jb] thiophen-3-yl 3 , 5-Oimethoxy-4- [ (1- 

pyrrolldlnyl ) methyl ] phenyl Ketone • 

OMe 




15 Following the procedure of Example 34, Part C, the 

ketone was obtained from the corresponding aryl bromide and 
the above ketone as a foam in 88% yield. 

IR (neat) 2957, 1647, 1606 cm'^; FDMS m/e 677 (M+1) . Anal. 
20 Calcd for C41H44N2O5S: C, 72.75; H, 6.55; 4.14. Fo\md: C, 
72.55; H, 6.76; N, 4.19. 

Part B. 3,5-Dimethoxy-4- [ (l^^pyrrolidinyl) methyl] - 
phenyl 6-Hydroxy-2 - [4 - [ 2- ( l^pyrrolidinyl ) ethoxy ] - 
25 phenyl ] benzo [b] thlophen-3 -yl Ketone • 

Following the procedure of Example 41, Part E, the salt 
of the hydroxy benzothiophene was obtained from the above 
benzyl ether as a yellowish solid in an overall 70% yield. 
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IR (KBr) 3450-2500 (br) , 1720, 1643 cm-1; FJMS nt/e 587 (M+1- 
2C2H2O4) . Anal. Calcd for C34H38N205S-2C2H204: C, 59.52; 
5.52; N, 3.65. Foxmd: C, 59.71; H, 5.78; 3.56. 



Preparation of 3- 13, 5-Diiiiotlioxy-4- [ (1-pyrrolidinyl) - 
methyllbonzyll -6-hydroxy-2- [4- [2- (1-pyrrolidinyl) - 
e thoxy ] phenyl ] benzo [b] thiophene Dloxalate • 



' 2(C2H204) 

10 Part A. 6-Benzyloxy-3-[3,5-diaiethoxy-4-[(l- 

pyrrolidlnyDmethyllbenzyl] -2- [4- [2- (1-pyrrolidinyl) - 
ethoxy I phenyl ) benzo tb) thiophene • 



Following the procedure of Example 34, Part D, the 
15 methylene compound was obtained from the ketone of Example 
57, Part D as a foam in 79% yield. 

IR (neat) 2961, 1606 cm"^; Fms m/e 663 (M+1) . Anal. Calcd 
for C41H46N2O4S: C, 74.29; H, 6.99; N, 4.23. Found: C, 74.48; 
20 H, 7.15; N, 4.37. 

Part B • 3 - [3 , 5-Diaethoxy-4- [ ( 1-pyrrolidinyl ) methyl] - 
benzyl] -6-hydroxy-2- [4- 12- ( 1-pyrrolidlnyl) ethoxy ] - 
phenyl ] benzo [b] thiophene Dioxalate • 

25 Following the procedure of Example 41, Part E, the salt 

of the hydroxy benzothiophene was obtained from the above 
benzyl ether as a white solid in an overall 71% yield. 



5 



Example 58 



OMe 
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IR (KBr) 3450-2500 (br) , 1721, 1609 cm-l; FDMS m/e 573 (M+l- 
2C2H2O4). Anal. Calcd for C34H40N2O4S-2C2H2O4: C, 60.63; H, 
5.89; N, 3.72. Found: C, 60,92; H, 6.11; N, 3.94. 

5 Example 59 

Preparation of (±) - 6 -Hydroxy- 3 - 1 4 - [ [ trans- 2 - ( 1 - 
pyrrolldinyl) cyclohexylloxy] benzyl] -2-[4-[2-(l- 
pyrrolldlnyl ) ethoxy ] phenyl ] benzo [ Jb] tbiophene 
Dioxalate • 



10 




Part A. 6-Hethoxy'-2- [4- [2- (1 -pyrrolldlnyl) ethoxy] - 
phenyl ] benzo [b] thiophen-3 -yl 4-Fluorophenyl Ketone • 




To 671.4 mg of 6-inethoxy-2- [4- [2- (1-pyrrolidinyl) - 
15 ethoxy]phenyl]benzo[Jb} thiophene (Example 1, Part B) in 10 mL 
of 1,2-dichloroethane was added 1.114 g of AICI3 at 0 **C, 
followed by dropwise addition of 0.30 mL of 4-f luorobenzoyl 
chloride. The deep red solution was stirred at 0 **C for 1 h 
and then at 0 to 15 **C for 19 h. The reaction was quenched 
20 hy pouring the reaction mixture into 50 mL of ice-cold 2.0 N 
NaOH solution. The mixture was then extracted with 3x100 mL 
of EtOAc which was washed with 50 mL of H2O and brine. 
Combined organic layers were dried over MgS04, concentrated, 
and purified by flash chromatography with 5 v/v % {10% cone 
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NH4OH in MeOH) in CH2CI2 to give 826.4 mg (92%) of the 
product ketone as viscous oil. 

FDMS 475 (M+); Anal Calcd for C28H26FNO3S: C, 70.71; H, 
5 5.51; 2.94. Fo\md: C, 70.75; H, 5.58; N, 3.15. 

Part B. (+.) -6-Methoxy-2- [4- [2- (1-pyrrolidinyl) - 
othoxy 1 phenyl ]bonzo[i>lt:liiophon- 3 -yl 4-[ [ traiis-2- ( 1- 
Pyrrolidinyl ) cyclohexyl ] oxy ] phenyl Ketone • 



in 2.0 mL of freshly distilled THF was added 330.9 mg of 
(±) trans-2- (l-pyrrolidinyl)cyclohexanol in 2.0 mL of THF at 
room tenperature . The mixture was heated at reflux for 45 
-15 min, cooled down to room tenqperature, and then to this was 
added 0.90 mL of 1.086 M of the fluoride (Part A). The 
mixture was heated at reflux for 24 h, cooled down, and then 
the reaction was quenched with 20 mL of H2O. The mixture was 
extracted with 3x50 mL of EtOAc which was washed with 25 mL 
20 of brine. The combined extracts were dried over MgS04, 
concentrated, and purified by flash chromatography with 
40:5:55 THF-Et3N-hexanes to afford 349.9 mg (57%) of the 
product along with 49.0 mg (10%) of recovered fluoride. 

25 mp 39-47 ^C; FDMS 624.9 {M+),, 500.8 (base); Anal. Calcd for 
C38H44N2O4S: C, 73.05; H, 7.10; N, 4.48. Found: C, 73.01; 
H, 7.25; N, 4.21. 

Part C. (±)-6-Hydroxy-3-[4- [ [ trans-2- ( 1- 
30 pyrrolidinyl )cyclohexyl] oxy] benzyl] -2- [4- [2- (1- 



10 




To a suspension of ca, 60 mg of NaH (60% oil dispersion) 
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pyrrolldinyl) ethoxy] phenyl Ibenzo lb] thlophene 
Dioxalate. 

The title compound was prepared in 36% yield for four 
steps from the ketone (Psurt B) by essentially following the 
5 procedures detailed in Exanple 21, Parts A-C. 

mp >105 ''C (decomp?); FDMS 597.1 (M+1) ; Anal. Calcd for 
C37H44N203S-2.5C2H204: 61.38; H, 6,01; N, 3.41. Found: 

C, 61.63; H, 5.77; N, 3.01. 



Preparation of (±) - 6 -Hydroxy-* 3 - [ 4 - [ [ trana- 2 - 
(hexahydro-lH-azepin-l-yl) eye lohexyljoxy] benzyl] -2- [4- 
[2* ( 1-pyrrolidinyl ) ethoxy ] phenyl] benzo [Jb] thiophene 
15 Dioxalate. 



Part A. (±.) -6-Methoxy-2- [4-12- { 1-pyrrolidinyl) - 
ethoxy] phenyl] benzo [Jb] thlophen-3-yl 4- [ [tx-an0-2- 
( Hexahydro- iH-azepin-l-yl ) cyelohexyl ] oxy ] phenyl 
20 Ketone • 



10 



Example 60 
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The title compound was prepared in 54% yield from 
6-inethoxy-2- [4- [2- (l-pyrrolidinyl) ethoxyl phenyl ]benzo- 



[Jb]thiophen-3-yl] 4-f luorophenyl ketone and (±)-trans-2- 
(hexahydro-lH-azepin-l-yl)cyclohexanol by essentially 
5 following the procedures detailed in Exairple 59, Part B. 

mp 43.5-51.5 ''C; FDMS 653.1 (M+1) ; Anal. Calcd for 
C40H48N2O4S: C, 73.59; H, 7.41; N, 4.29. Found: C, 73.61; 
H, 7.61; N, 4.07. 

10 

Part B. ( + ) -C-Hydroxy-a- [4- [ [ (hoxahydro-lH- 
a z apln - 1 -y 1 ) cy c lohaxy 1 1 oxy J banzy 1 l-2-[4'-I2-(l- 
pyrrolidinyl) athoxylphanyllbanzo [b] thlophene 
Dioxalata. 

15 The title coinpound was prepared in 29% yield for four 

steps from the ketone (Part A) by essentially following the 
procedures detailed in Example 21, Parts A-C. 

mp >114 °C (decomp?); FDMS 625.1 (M+l) ; Anal. Calcd for 
20 C39H48N2O3S-2.5C2H204: C, 62.18; H, 6.28; N, 3.30. Found: 
C, 62.02; H. 6.28; N, 3.12. 



Example 61 

Pr^aratlon of (±) -6-Hydroxy-3- [4- [ [ tiran«r-2- ( Imldazol 
25 l~yl)cyclohaxyl] oxy] benzyl] -2- [4- [2- (1-pyrrolidlnyl) - 
a thoxy ] pbanyl ] banzo [b] tbiopbane Dioxalata . 




Part A. 



(±) -t:raxi8-2- (Imldazol-l-yl)cyclohaxanol* 
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o 

A mixtiire of 20.18 g of imidazole, 81.95 g of K2CO3, and 
20.0 mL of cyclohexene oxide in ca* 200 mL of H2O was stirred 
at room temperature for 19 h, at 100 °C (bath t«np.) for 7 h, 
5 and then at room teinperature overnight. The mixture was 
extracted with 3x500 mL of EtOAc and 500 mL of CH2CI2 . Hie 
organic layers were washed with 2x300 mL of H2O and 300 mL of 
brine. Combined organic layers were dried over ^S04 and 
concentrated. The crude product was crystallized from EtOAc 
10 to yield 8.57 g (26%) of the crystalline solid. 

itp 127-131 °C; FDMS 167 (M+1) ; Anal Calcd for 
C9H14N2O-0.22H2O: C, 63.52; H, 8.55; 16.46. Foiind: C, 
63.63; H, 8.30; N, 16.11. 

15 

Part B. (±)-6-Met]loxy-2-[4-[2^(l-pyrrolldinyl)- 
etlioxy]plienyl]benzo Ibl tliiophen-3-yl 4- [ [t2raiis-2- 
( Imldazol - 1 -y IX eye loheacy 1 ] oxy ] phenyl Ko tons • 




20 The title compound was prepared in 71% yield from 

6-methoxy-2- [4- [2- (1-pyrrolidinyl) ethoxy] phenyl ]ben2o- 
[b] thiophen-3-yl] 4-f luorophenyl ketone and (±)-trans-2- 
(imidazol-l-yl)cyclohexanol (Part A) by essentially following 
the procedures detailed in Example 59, Part B. 
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mp 68-78 •'C; FDMS 622.4 (M+1) ; Anal. Calcd for 
C37H39N3O4S-0.35NH4OH: C, 70.09; H. 6.48; N, 7.40. Found: 
C, 69.75; H, 6.14; N, 7.03. 

5 Part C. (+)-6-Hydroxy-3-I4-IItran0-2-(imidazol-l- 
y 1 ) cyclohoxy 1 1 oxy ] benzyl ]-2-[4-t2-(l -pyrrolidinyl ) - 
^ ethoxy] phenyl] benzo [b] tbiopbene Dioxalate • 

The title coitpound was prepared in 81% yield for four 
steps from the ketone (Part B) by essentially following the 
10 procedures detailed in Exan¥>le 21, Parts A-C, 

>103 ^'C (decoinp?); FDMS 594 (M+1); Anal. Calcd for 
C36H39N303S-2-1C2H204-1.1C4H802: C, 60.89; H, 5.96; N, 4.78. 
Found: C, 60.49; H, 5:59; N, 4.95. 



Preparation of ( + ) -6-Hydroxy-3- [4- t I tran£r-2- (4- 
morpholinyl)cyclobexyl] oxy] benzyl] -2- [4- [2- (l- 
pyrrolidinyl) etboxy] phenyllbenzo [b] tblopbene 
20 Dioxalate. 



Part A. (±)-6-Methoxy-2- t4-[2-(l-pyrrolidinyl)- 
etboxy]pbenyl]benzo[bl tbiopben-3-yl 4- [ [trans<-2- (4- 
Morpboliny 1 ) cy clohexy 1 ] oxy] pbeny 1 Ketone . 



15 



Example 62 




o. 
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The title compound was prepared in 80% yield from 
6-inethoxy-2- [4- [2- (1-pyrrolidinyl) ethoxy] phenyl ] benzo- 
[Jb] thiophen-3-yl] 4-f luorophenyl ketone and (±)-trans-2-(4- 
5 morpholinyDcyclohexanol by essentially following the 
procedures detailed in Example 59, Part B. 

mp 50-57 °C; FDMS 640.6 (M+) ; Anal. Calcd for 
C38H44N2O5S -0.14012012: C, 70.18; H, 6.84; N, 4.29. Foimd: 
10 C, 70.20; H, 6.82; N, 4.35. 

Part B. (+)-6-Hydroxy-3-[4-[ [tranfl-a-CA-morpholinyD- 
cycloheaeyl] oxylbanzyl] -2- [4- [2- (1-pyrrolldinyl) - 
at^hoxy ] phenyl ] benzo lb} thlophene Dioxalate • 

15 The title compound was prepared in 72% yield for four 

st^s from the ketone (Part A) by essentially following the 
procedures detailed in Example 21, Part A-C. 

rop >110 "^C (decomp?); FDMS 613.4 (M+1) ; Anal Calcd for 
20 C37H44N2O4S 2.3C2H204'1.1C4H802: 60.26; 6.31; N. 3.06. 

Found: C. 59.88; H, 5.94; 3.00. 

Sxanple 63 

Preparation of (±) -6-Hydroxy-2- [4- [2 - (l-pyrrolidlnyl) - 
25 ethoxy] phenyl] benzo [bl thiophen-3-yl] 3-Methoxy-4- 

I [ trans-2- { 1-pyrrolidinyl ) cyclohexyl] oxy] phenyl Ketone 
Dioxalate. 
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HO ^ N--^ 

Part A. 3-Methoxy-4-[Ctraixfl-2-(l-pyrrolidinyl)- 
cyclohoxyll oxy] benzoic Acid. 

o 

me N 





The title compound was prepeired in 96% for two steps 



from methyl vanillate similarly as described in Example 20, 
Parts B and C- 

NMR {CDCI3) d 7.68 (m, 2H) , 7.17 (d, J = 8.8 Hz, IH) , 4.80 
10 (m, IH), 3.88 (s, 3H) , 3.63 (m, 2H) , 3.35 (m, 2H) , 3.11 (m, 
IH), 2.35-1.25 (m, 12H) . 

Part B. ( + )-6-Benzyloxy-2-[4-I2-(l-pyrrolidiiiyl)- 
ethoxy] pbenyl] benzo [bl tbiopb«n-3-yl 3-Motboxy-4- 
15 [ [ trazi0-2- (l-pyrrolidiiiyl)cycloliOKylloxyl phenyl 
Ketone. 



The title compound was prepeured in 43% yield for two 
steps from 6-benzyloxy-2- (dimethylamino) benzo [b] thiophene by 
20 essentially following the procedures outlined in Example 41, 
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Part C (but using thionyl chloride to form the acid chloride) 
and Example 81, Part £. 

mp 50-54 ''C; FEMS 731.8 (M+1) ; Anal. Calcd for C45H50N2O5S: 
5 C, 73.94; H, 6.90; N, 3.83. Found: C, 73.73; H, 6.96; N, 
4.00. 



Part C. (±)-6-Hydroxy-2- [4-[2•(l-pyrrolldinyl)- 
etlloxy]phenyl]bexIzo [Jb] thlophen-3-yl 3-Het:hoxy-4- 
10 [ [ - 1 1 -pyrrol Idinyl ) cyclohexyl] oxy] phenyl Ketone 

Dloxalate* 

The title compound was prepared in 12% yield for two 
steps from ( + ) -6-benzyloxy-2- [4- [2- (1-pyrrolidinyl) ethoxy] - 
phenyl ] benzo [ ib] tJiiophen-3 -yl [ 3 -methoxy-4- [ [ trans-2 - ( l-pyrro- 
15 lidinyl) cyclohexyl] oxy] phenyl] ]cetone (Part B) by essentially 
following the procedures descril^ed for delDenzylation and 
oxalate salt formation in Example 81, Part I. 

FDMS 641.3 (M+1); Anal. Calcd for C38H44N2O5S-2C2H2O4: C, 
20 61.45; H, 5.89; N, 3.41. Found: C, 61.27; H, 5.77; N, 3.40. 



Bxaiwle 64 

Preparation of l±) -6-Kydroxy-3- I3-*aethoxy-4- [ [trans-2- 
(1-pyrrolidlnyl) eye loliexyl] oxy] benzyl] -2~[4-[2-(l- 
25 pyrrolldinyl) ethoxy] phenyl] benzo lb} thlophene 
Dioxalate. 




The title compound was prepared in 59% yield for four 
steps from (+) -6-]oenzyloxy-2- (4- [2 - (1-pyrrolidinyl) etho3cyl - 
30 phenyl] benzo [Jt>] thiophen-3-yl 3-methoxy-4- [ [ trans-2- (1- 
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pyrrolidinyl)cyclohexyl]o3cy] phenyl ketone (Example 63, Part 
B) by essentially following the procedures outlined in 
Example 85, Part B. 

5 FmS 627.3 (M+1) ; Anal. Calcd for C38H46N204S-2C2H204 : C, 

62.52; H, 6.25; N, 3.47. Found: C, 62,73; H, 6.18; N, 3.43. 

Example 65 

Preparation of (±) -6-Hydroxy-3- t3-hydroxy-4- [ t tiran0-2- 
10 { 1 -pyr rolidiny 1 ) eye lohexy 1 ] oxy ] benzyl l-2-[4-I2-(l- 
pyrrol idinyl ) ethoxy ] phenyl ] benzo [2>] thiophene . 



The title compound was prepared in 29% yield from (+) -6- 
hydroxy-3- [3-methoxy-4- [ [ trans-2- (l-pyrrolidinyl) cyclohexyl] - 
15 oxylbenzyl] -2- [4- [2- (l-pyrrolidinyl) ethoxy]phenyl]ben2olJb] - 
thiophene (free base of Example 64) by essentially following 
the procedure outlined in Exan^le 21, Part B. 

FDMS 613.3 (M+1) • 



Preparation o£ (±) - 6 -Hydroxy -> 2- [4- [2- ( 1 -pyr rol idinyl ) - 
ethoxy] phenyl ) benzo Ibl thiophen-3-yl 3-Fluoro-4 - 
[ [ tran0-2- ( 1-pyrrolidlnyl) eyclohexyl] oxy] phenyl Ketone 
25 Dloxalate. 




20 



Example 66 
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Part A. 6-Banzyloxy-2- (diiiiethylamino)benzo[b] thlo- 
phen-3 -yl 3,4 -Dlfluorophenyl Ketone • 




5 Tlie title compound (oil) was prepared in 95% yield from 

6-benzyloxy-2- (dimethylainino) benzo [b] thiophene and 3 , 4- 
difluorobenzoyl chloride by essentially following the 
procedure outlined in Example 81, Part C. 

10 FDMS 423 (M+) ; Anal. Calcd for C24H19F2NO2S: C, 68.07; H, 
4.52; N, 3.31. Found: 68.36; H, 4.75; N, 3.37. 

Part B. {+)-6-Benzyloxy-2~[4- [2-(l-pyrrolidinyl)- 
ethoxy]phenyl]benzo [Jb] thiophen-B^yl 3-Fluoro-4- 
15 [ [traii0-2- (l-pyrrolidinyl)cycloheacyl]oxy]phenyl 
Ketone • 
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The title compound was prepared in 67% yield for two 
steps from 6"benzyloxy-2- (dimethylamino)benzo [b] thiophen-3-yl 
3,4-difluorophenyl ketone (Part A) similarly as described in 
Example 59, Part B cind Example 81, Part E. 

mp 47-51 "^C; FDMS 719 (M+1) ; Anal. Calcd for C44H47FN2O4S : 
73,51; H, 6.59; N, 3.90. Found: C, 73.28; H, 6.71; N, 
4.01. 



10 Part C. (±)-6-Hydroxy-2-[4-[2-(l-pyrrolidinyl)ethoxy] 
phenyl] benzo[l>]thiophon- 3 -yl] 3-Fluoro-4- [ [ traii0-2- ( 1 
pyrrolidinyl ) cyclobexyl ] oxy 1 pbenyl Ketone Dioxalate . 

The title compound was obtained in 81% for two steps 
from the ketone (Part B) via debenzylation and oxalate salt 
15 formation as described in Example 81, Part I. 

FDMS 629.3 (M+l) ; Anal. Calcd for C37H41FN2O4S • 2C2H2O4 : C, 
60.88; H, 5.61; N, 3.46. Found: 60.97; H/ 5.70; N, 3.59. 

20 Example 67 

Preparation of (+) -6-Hydroxy-3- [3-£luoro-4- [ [trazis-2- 
( 1 -pyrrolidinyl) cyclobexyl ] oxy] benzyl ]-2-[4-t2-{l- 
pyrrolidinyl) etboxy] phenyl] benzo [b] thiophene 
Dioxalate. 




The title compound was prepared in 66% yield for four 
steps from (±) -6-benzyloxy~2- [4- [2- (1-pyrrolidinyl) ethoxy] - 
phenyl ] benzo [jb]thiophen-3-yl 3-f luoro~4~ [ [ trans-2- (1- 
pyrrolidinyl) cyclohexyl] oxy] phenyl ketone (Example 66, 
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Part B) using similar procedures to those of Exaiiple 85, 
Part B. 

mp >111 °C (decomp.?); FDMS 614.8 (M+) ; Anal. Calcd for 
5 C37H43FN203S-2C2H204: C, 61.95; H, 5.96; N, 3.52. Found: 
C, 61.81; H, 6.16; N, 3.38. 



Preparation of (±) -6-Hydroxy-2- [4- [2- (l-pyrrolidinyl) 
10 othoxy ] phenyl ] benzo Ibl thiophen- 3 -yl 3 -Fluoro-4 - 

[ [ traja0-2- (1-plperldyl) cyclohexyl] oxy] phenyl Ketone 
Di oxalate. 



The title compound was prepared in 13% for four steps 
15 from 6-benzyloxy-2- (dimethylamino)benzo[jb] thiophen-3-yl 

3,4-difluorophenyl ketone (Example 66, Part A) using similar 
methods to those of Example 66, Parts B and C. 

FIMS 643.4 (M+1); Anal. Calcd for C38H43FN204S-2C2H204: C, 
20 61-30; H, 5.76; 3.41. Found: C, 61.57; H, 5.74; N, 3.59 

Example 69 

Preparation of {±) -6 -Hydroxy- 3- [3- f lucre- 4 - [ [ trans- 2- 
(l-piperidyl)cyclohexyl] oxy] benzyl] -2- [4- [2- (1-pyrro- 
25 lidlnyl ) ethoxy ] phenyl] benzo [b] thlophene Dioxalate • 



Example 68 
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The title compound was prepared in 62% for three steps 
from {±) -6-benzyloxy-2- [4- [2- (1-pyrrolidinyl) ethoxylphenyl] - 
benzo [Jb] thiophen-3-yl 3-f luoro-4- [ [ t:rans-2- ( 1-piperidyl) - 
5 cyclohexyl]oxy] phenyl ketone (an intermediate in the 

preparation of Example 68) using procedures similar to those 
of Example 85, Part B. 

FDMS 629.4 (M+1) ; Anal. Calcd for 
10 C38H45FN203S-2C2H204-1.1C4H80: C, 62.74; H, 6.56; N, 3.15. 
Found: C, 63.14; H, 6.27; N. 2.92. 

Bxanple 70 

Preparation of ( + ) -6-Hydroxy-3- [4- 1 1 trai2s-2- (1- 
15 pyrrolldinyl)cyclohexyl]oxy]-3- ( trif luoromethyl) - 

benzyl] -2- [4- [2- ( l-pyrrolidinyl) etboxylphenyljbenzo- 
[ b] tbiopbene Dioxalat e • 




2C2H2O4 



Part A. 6-Beiizyloxy-2- (diaetbylamlno) benzo [b] tbiopben- 
20 3-yl 4-Fluoro-3-(trl£luoroaiethyl)pbenyl Ketone. 



wo 97/25033 



PCT/US9(i/17995 



-192- 




The title coinpound was prepared in 93% yield from 
6-benzyloxy-2- (dimethylainino)benzo[Jb] thiophene and 4-fluoro- 
3- (trifluoromethyl) benzoyl chloride by essentially following 
5 the procediire outlined in Exanqple 81, Pcurt C, and Exainple 85, 
Part B- 



mp 164-167 **C; FDMS 473 (M+) ; Anal. Calcd for C25Hi9F4N02S: 
C, 63.42; H, 4.04; N, 2.96. Foimd: C, 63.65; H, 4.17; 
10 2.81. 

Part B. ( + ) -6-Hydroxy-3- [4- [ (tr«xis-2- (1- 
pyrrolldinyl) -cyclohexyl] oxy ] -3- (trifluoromethyl) - 
benzyl] -2- [4- [2- (l-pyrrolidinyl) ethoxy] phenyl Jbenzo- 
15 Ibl thiophene Dioxalate . 

The title compound was prepared in 41% for six steps 
from 6-benzyloxy-2- ( dime thy lamino ) benzo [Jb] thiophen-3-yl 
4-fluoro-3- (trifluoromethyl) phenyl ketone (Part A) using 
similar procedures to those of Exan^le 66, Parts B and C. 

20 

rap >124 (decomp?); FDMS 665.2 (M+1) ; Anal. Calcd for 
C38H43F3N203S-2C2H204: 59.71; H, 5.61; N, 3.32. Found: 

C, 59.48; H, 5.55; N, 3.44. 

25 Bxample 71 

Preparation of (±) -6*-Hydroxy-5-methoxy-3- [4- [ [traxis-2- 
(1-pyrrolidinyl) cyclohexyl] oxy] benzyl] -2- [4- [2-(l- 
pyrrolidinyl ) ethoxy] phenyl ] benzo [b] thiophene 
Dioxalate. 
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Part A • 6 -BanzyloKy- 2 -dlmathylamino- 5 -mothoxy - 
benzo [b] thlophene • 




5 The title coinpoimd was prepared in 17% for two steps 

from 4-benxyloxy-3-methoxybenzaldehyde and 
N,N-dimethylthioformainide using similco: procedures to those 
of Example 81, Parts A and B. 

10 mp 140-142 ^C; FDMS 313 (M-f) ; Anal. Calcd for C18H19NO2S: C, 
68.98; H, 6,11; N, 4.47. Found: C, 68.81; 6.32; N, 4.17. 

Part B- ( + ) -6--Hydroxy-5-Biotboxy-3- [4- [ [ traas-2- (1- 
pyrr o 1 idiny 1 ) eye lohexy 1 ] oxy 1 benzyl ]-2-£4-t2-(l- 
15 pyrrol idiny 1 ) ethoxy] phenyl] benzo [b] thiophene 
Dioxalate. 

The title conqpoxmd was prepared in 37% for seven steps 
from 6-benzyloxy--2-dimethylamino-5-methoxyben2o[b] thiophene 
(Part A) using procedures similar to those of Example 70, 
20 Parts A and B. 

mp >100 (decomp?); FDMS 627 (M+1); Anal. Calcd for 
C38H46N2O4S-2.4C2H2O4-0.6C4H8O2: C, 60.49; H, 6.31; N, 3.07. 
Found: C, 60.11; H, 6.11; N, 3.43. 



25 
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Example 72 



Preparation of {+) -5-Hethoxy-2- [4- [2- (1-pyrrolidinyl) - 
ethoxy] phenyl ]benzo[l>]thlophen-3-yl 4- [ [trans-2- (1- 
Piperldyl)cyclohexyl]oxy] phenyl Ketone Dioxalate. 



5-Broinobenzo[b] thiophene was prepared in quantitative 
yield for two steps from 4-broinobenzenethiol and 

10 bromoacetaldehyde dimethyl acetal as described in the 

preparation of 4- and 6-methoxybenzo[jb] thiophene (see Example 
92, Part A): mp 40-43.5 ^C; FDMS 212.1 (M-1) ; Anal. Calcd 
for CsHsBrS • 0 . IOC7H8OS : C, 46.01; H, 2.57; S, 15.53. Found: 
C, 46,19; H, 2.49; S, 15.79. 

15 To a solution of 1.8 g of 5-broinobenzo[Jb] thiophene in 2 

mL of anhydrous DMF cind 1 mL of MeOH was added 686 mg of 
NaOMe. The mixture was heated to 110 °C (bath tenp) , and 121 
mg of CuBr was added. The brown suspension was heated at 110 
**C for -2 h and at --145 for 30 min. The reaction was 

20 quenched with ca. 50 mL of H2O and the mixture was extracted 
with 100 mL of Et20 (2x) , EtOAc (Ix), and CH2CI2 (Ix) . The 
organic layers were washed with 50 mL of brine, combined, 
dried over MgS04, concentrated, and flash chroraatographed 
with 3% Et20-hexanes to afford 894.5 mg (64%) of the title 

25 compound along with 168.8 mg (9.4%) of 5-bromobenzo[Jb] - 
thiophene. 




Part A. 



5-Mathoxybenzo [i>] thiophene • 




wo 97/25033 



PCT/US96/17995 



-195- 



mp 39-41.5 **C; FDMS 164.2 (M+) ; Anal, Calcd for 
C9H8OS-0.11H2O: C, 65.04; H, 4.98; S, 19.29. Found: C, 
65.07; H, 4.95; S, 18-96. 



The title compound was prepared in 50% yield by 
essentially following the procedures in Example 1, Part A 
from 5-methoxybenzo [Jb] thiophene (Part A). 



mp 226-228 ""C; FDMS 569; Anal. Calcd for C9H9BO3S: C, 
51.96; H, 4.36. Found: C, 51.85; H, 4.15. 

Part C. 5-Methoxy-2- [4- [2- (l-pyrrolldlnyl)ethoxy] 
15 phenyl] banzo [b] thiophene • 



The title compound was prepared in 47% yield by 
essentially following the procedures in Exanple 1, Part 6, 
from 5-methoxybenzo [Jblthiophene-2-boronic acid (Part B) and 
20 1- (2- (4-bromophenoxy) ethyl) pyrrolidine . 

np 123-126 "^C; FDMS 353 {M+) ; Anal. Calcd for C21H23NO2S: 
C, 71.36; H, 6.56; N, 3.96. Found: C, 71.07; H, 6.44; N, 
4.01. 



Part D» 4-Fluorophenyl 5-*Methoxy-2- [4- [2- ( 1-pyrro- 
lldinyl ) ethoxy] phenyl] benzo [2>] thiophen-3-yl Ketone • 



5 



Part B. 



5-Methoxybenzo [i>] thiophene- 2 <-boronic Acid • 
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The title contpound was prepared by essentially following 
the procedure detailed in Example 1, Part C, from 5-methoxy- 
2- [4- 12- (l-pyrrolidinyl)etho3Qr] phenyl ]benzo[Jb) thiophene 
{Part C) and 4-f luorobenzoyl chloride. The crude product was 
5 purified by flash chromatography (silica gel, 55:42:3 THF- 
hexanes-Et3N) to afford 2.11 g (4.44 mmol, 71%) of a yellow 
semi-solid. 

FDMS 475 (M+); Anal. Calcd for C28H26FNO3S: C, 70.72; 
10 5.51; N, 2.95. Found: 70.50; H, 5.49; N, 2.83. 

Part E. (±)-5-Nethoxy-2- [4- [2- (1 -pyrrol idinyl) - 
ethoxy] phenyl ]be]izo [b] thiophen-3*yl 4- [ [tranA-2- (1- 
Piperldyl ) cyclohaxyl 1 oxy ] phenyl Ketone • 




To a slurry of NaH (530 mg, 13.2 ramol, 60% dispersion in 
mineral oil) in 28 mL of 6mhydrous IMF was added dropwise 
1.61 g (8.77 mmol) of (±) -trans-2- (l-piperidyl)cyclohexanol 
(Example 20, Part A) in 7 mL of EMF at room temperature over 

20 a period of 20 min. A heat gun was applied to the reaction 
mixture to facilitate alkoxide formation. Slow evolution of 
hydrogen gas was observed* The slurry was stirred at room 
temperature for 1 h, and to this was added the 4-f luorophenyl 
ketone (2.09 g, 4.39 mmol) (Part D) in 8 ml of DMF via a 

25 cannula over 10 min period at room temperature. The slurry 
immediately turned reddish orange. The reaction was carried 
to completion by stirring overnight (18 h) . The reaction was 
then quenched at 0 '*C with slow addition of 75 mL of H2O. 
The mixture was taken up in EtOAc and partitioned. The 

30 aqueous layer was extracted with EtOAc (3 x 300 mL) . The 
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combined organic layers were dried over MgS04 after washing 
with 300 mL of brine and then concentrated \inder reduced 
pressure. The residue was purified by PrepLC (40:57:3 THF- 
hexanes-Et3N) to afford 2.24 g (3.51 ramol, 80%) of a 
5 yellowish white foam. 

mp 63-66 °C; FJMS 639 (M^) ; Anal. Calcd for C39H46N2O4S: C, 
73.32; H, 7.26; N, 4.38. Found: C, 73.03; H, 7.38; N, 4.20. 

10 Part F. (±) -5-Mothoxy-2- [4-[2-(l-'pyrrolidinyl)- 
ethoxy]plienyl]beIIZo[b] thiophen-3-yl 4- [ [tran8-2-(l- 
Plperldyl ) cycloliaxyl ] oxy ] phenyl Ketone Oxalate • 

The title compound was prepsured in 97% from the ketone 
(Part E) by essentially following the procedtire outlined in 
15 Example 21, Part C. 

mp 144-147 ^'C; FDMS 639.3 (M+) ; Anal. Calcd for 
^39"48^2^3^'2-^^^2^2^4' ^' 60.67; H, 5.90; N, 3.20. Found: 
C, 60.66; H, 5.89; N, 3.24. 



Preparation " of (±) -5-Metlioxy-3- 14- £ [ trans-2- ( 1- 
piperidyl)cyclohexyl]oxy] benzyl] -2- [4- [2- (1-pyrro- 
lidinyl ) ethoxy ] phenyl ] benzo [b] thiophene Dloxalate . 



The free base of the compound was prepared in 69% yield 
from the ketone (Example 72, Part E) by essentially following 
the procedures detailed in Example 21, Part A. The title 
compound was prepared by essentially following the procedure 
30 outlined in Example 21, Part C- 



20 



Example 73 



25 
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Free base: mp 53-56 °C; FDMS 625 (M+) . 

Dioxalate: up 139-145 ^'C; FEMS 625 {M+) ; Anal. Calcd for 
^3 9^48^203^' 2. OC2H2O4: C, 64.16; H, 6.51; N, 3.48, Foiand: 

5 C, 63.88; H, 6.57; N, 3.41. 

Example 74 

Preparation of (±) -5-Hydroxy-3- (4- [ (l- 
plperldyl)cycloh0xyl] oxy]banzyl] -2- [4- [2- (1-pyrro- 
10 lidinyl ) ethoxy ] phenyl] benzo [Jb] thiophene Dloxalatie . 




Part A* (±)-5--Hydroxy-3-I4- [ t tra220-2- (1-piperidyl) - 
cyclohexyl] oxy]benzyl] -2- [4- 12- { 1-pyrrolidinyl) - 
ethoxy] phenyl ] benzo [b] thiophene • 



15 




The title cornpound was prepared in 89% yield from the 
methoxybenzo[jt>] thiophene (free base of Example 73) by 
essentially following the procedures detailed in Example 21, 
Part B, 



